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NOTES ON NATIVE MYRMELEONIDAE 


NATHAN Banks, 


Museum of Comparative Zoology, Harvard University, 
Cambridge, Massachusetts 


Since my revision of our Myrmeleonidae in 1927, various 
specimens have come to the Museum, some of new species, 
others of records of Central American forms in the United 
States. A few years ago I described (Psyche XLII, 53, 1935) 
two additional forms of Psammoleon, so that now eleven 
species are added to the list of 1927. 


Hesperoleon abdominalis and its varieties 


Hagen described two species which I have put (as also did 
Hagen) as synonyms of H. abdominalis. I believe that these 
two forms should be recognized as varieties. Since Say’s 
type is destroyed, I have made a neotype, a male from Hope, 
Arkansas, June 8 (Knobel coll.). This form is widely dis- 
tributed in the United States. Those from the northeastern 
part of the country mostly belong to Hagen’s salvus, those 
from the extreme south of the Western States to Hagen’s 
juvencus. 


Hesperoleon abdominalis salvus Hagen 


This form is darker throughout than the normal species, and the 
wings are more heavily marked. The median vein is partly dark (in 
abdominalis entirely pale); the femora and tibiae much more heavily 
dotted than the typical form; on the pleura the two separated dark 
stripes are in salvus connected into one broad stripe. 


The type is from Washington, D. C.; others from Falls 
Church, Va.; River Edge, N. J.; New Haven, Conn.; West 
Chop, Springfield, Lexington, Mass., and Go Home Bay, 
Ont., Canada. 
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Hesperoleon abdominalis juvencus Hagen 


This is usually smaller, slightly more slender, and more yellow than 
the typical form; the wings are plainly yellow. The black stripes on 
upper part of thorax are more slender and very definite, the hair on the 
abdomen of the female is almost entirely white above as well as below, 
in abdominalis always with some dark hair along median line; in the 
male there is more black hair above, but not so much as in abdominalis; 
the median dorsal line of the abdomen is very fine or wanting. The male 
appendages are usually a little longer than one-half of the last segment. 


The type was from Pecos River, Western Texas (now New 
Mexico); others from Luni, New Mexico; Lathrop and 
Tehachapi, California. 


Hesperoleon brevipilis sp. nov. 


Resembles a small H. sackeni Hag. in markings and venation; the 
mesoscutellum has the same two dark spots as in sackeni, the submedian 
dark stripes of the pronotum are almost entirely united, the pale spots 
on abdomen are smaller than in sackeni. The principal differences are: 
the hair on the abdomen, especially above, is very much shorter than in 
sackeni, that above not being half as long as in that species; the last 
segment of the abdomen is about one-half the length of the penultimate 
segment (in sackeni not near one half), the male appendages are fully as 
long as in any sackeni of the same size; the fore wings are more slender, 
not so much widened behind the stigma as in sackenti. 

Length of fore wing 18 mm., width 5 mm. 


From Colorado River, Arizona. Holotype M. C. Z. No. 
23011. 


Hesperoleon peregrinus Hagen 
(Fig. 9) 
Synop. Neuropt. N. Amer. 234, 1861 (Myrmeleon). 


Hagen later identified this as H. ferox, Walk., one of the type spec- 
imens, that from Califormia, is H. ferox. The others from Pecos River, 
Western Texas, are similar to H. douglasi Bks.; both are females; they 
are larger than douglasi and more flavescent; the two dark bands on 
vertex are usually connected; the median pair of pronotal stripes are 
usually not united. The species is very hairy, and differs at once from 
all allied forms in having long erect hair on the mesoscutellum, in other 
species (except nigrilabris Hag.) the hair is very short and decumbent. 


Besides the two type specimens, there are two old specimens, 
labeled simply ‘‘Pueblo,”’ and one from ‘‘Colo. Terr.”’ labeled 
by Hagen as peregrinus. Now Mr. Knull sends two specimens 
from Davis Mts., Texas, June 2 and Dr. Rodeck four from 
Eads, Colo., July 27. 

The male has a shorter abdomen than douglasi, the last 
two segments quite short, the appendages nearly twice as long 
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as the last segment. The mesoscutellum has the long hair. 
H. carrizonus Hag. is a synonym. 


Hesperoleon huachuca sp. nov. 
(Figs. 4 and lla) 


Face pale, clypeus often with two dark spots, interantennal mark 
large, extending a little below the antennae and above reaching up to 
the first vertex band, second vertex band curved, two short streaks 
behind it near middle; pronotum pale, with four about equally broad 
black stripes, all well separated, the laterals sometimes hardly reaching 
the front, rarely a small submarginal spot; mesonotum mostly dark, 
median and submedian rows of pale lines and spots, and some small 
pale dots above base of wings, mesoscutellum with two black streaks, 
the front ends of which are shining; metanotum black on sides, a middle 
black U mark, metascutellum with a broad black middle mark, faintly 
divided behind; pleura mostly dark. 

Abdomen dark, above in both sexes with a pale stripe each side on 
second, third, and part of the fourth segment, leaving a fairly broad 
median black stripe, not constricted nor broken, other segments with a 
small pale spot toward base. 

Legs pale, femur and tibiae with many dark spots, on hind femora 
often running together on the outer sides, spines mostly dark, but a few 
white ones; tarsal joints dark at tips; front spurs longer than basitarsus, 
but in hind legs no longer than basitarsus; male appendages pale, with 
a black streak from middle up to base. 

Wings hyaline; longitudinal veins interrupted with black streaks, 
costals and many other cross-veins dark, but some wholly or partly 
white; a notched black streak runs out along the cubitus to beyond 
middle, usually broken at about middle of wing. A dark line or streak 
obliquely up from end of anal vein, and another from the rhegma 
obliquely toward tip of wing; a black spot at base of stigma and the 
radial cross-vein near by bordered with dark; forkings of many of the 
marginal veinlets also dark. 

In hind wings the veins mostly dark, but subcosta and radius 
interrupted with pale, a dark spot at base of stigma. 

In fore wings usually three cross-veins before the radial sector, in 
hind wing two. In the cubito-anal area many cross-veins are con- 
nected, and in anal area a few near base connected. In hind wings 
usually five or six cross-veins between cubital fork and anal vein. Hair 
on abdomen of female is mostly white and moderately short, near tip 
more black; in male nearly all black, some white below, rather short on 
basal half, but on last three segments very long. In the male the last 
segment is fully twice as long as high (side), the appendages very short, 
not one-half of segment, and at middle suddenly divergent (as in texanus 
Bks. and minusculus Bks.). 

Length of body, 9 30 mm., o 41 mm. 

Length of fore wing, 27 mm., width, 7 mm. 


From Reef and Palmerlee (Biederman), and Huachuca 
Mts., Aug. 18 (J. N. Knull), both Arizona. 
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Holotype M. C. Z. No. 23340 from Reef, paratypes in Ohio 
State Museum and M. C. Z. 

The streak along cubitus is much like that in H. ferox Walk. 
The oblique dark lines remind one of Psammoleon. The speci- 
men from Reef has been in my collection for nearly thirty 
years, but until I received the Knull specimens I thought it 
might be abnormal. 


Hesperoleon curriei sp. nov. 
(Figs. 7 and 11b) 


Very similar to H. niger Currie, and is the species I described as 
H. niger (Revision Myrmeleonidae, p. 26). Both have the same general 
appearance, the labial palpi are longer than usual, and the last joint 
more enlarged than usual in the genus; both have the pale band across 
front below vertex, and two rows of spots on vertex; both have the 
pronotal and rest of thoracic marks practically the same. But there is 
a distinct difference in the abodmen; Currie notes a pale spot each side 
near middle of segments and one at tip in miger (fig. 6), and so in 
my specimens. In the new species, curriei, there is a distinct pale 
stripe on each side above from base to tip. In the male of H. niger 
there is also a pale stripe each side, but at middle it is much widened, 
and also at tip. In the males the appendages in miger are not one 
half the last segment, in curriei they are almost as long as the last 
segment. The markings on the wings are about the same in both, 
but the venation is different; much more dense in curriei than in niger, 
and in the hind wings the cubital fork is much longer in curriet, so 
that there are four to seven cross-veins between cubital fork and 
anal vein, while in miger there is rarely more than three, often but 
one or two. There are some slight differences in markings. In miger 
the tarsi have the last joint largely pale, in curriet the last joint often 
wholly black. In niger the metascutellum has no median pale stripe, 
in curriei there is a stripe, at least part way. In the space between 
cubitus and first anal, and in that before radial sector there are usually 
more cross-veins connected in curriei than in niger. Curriei averages 
a little larger. Fore wings of female 26 mm., of male 24 mm., length 
of abdomen of female 20 mm., of male 30 mm. 


The specimens of H. curriet come from Tucson, Sept. 4 to 6 
(Carpenter), July 20 to Aug. 6 (Owen Bryant), Aug. 13 (J. N. 
Knull), Prescott (Oslar), Santa Catalina Mts. Aug. 25 (Nichol), 
and Globe (Duncan), all Arizona. 

Holotype M. C. Z. No. 23188, from Santa Catalina Mts. 

Paratypes in Ohio State Museum, with Owen Bryant, and 
in M. C. Z. 

In body markings H. curriet, H. huachuca, and H. niger are 
very similar to the common H. brunneus Currie, but the latter 
is separated by its very small labial palpi (Fig. 11 c). 
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Hesperoleon apache sp. nov. 
(Fig. 5) 


Head pale, a large interantennal dark spot, convex above, emargi- 
nate below, sometimes with a median line towards clypeus; vertex with 
two bands of more or less connected brown spots, posterior ones often 
faint; antennae brown; pronotum pale, with five dark spots, two each 
side, and one behind in the middle, sometimes there is another, faint, in 
the middle near front margin. 

Thorax with dark and pale spots and streaks above, scutelli mostly 
pale, but with a dark spot in middle of hind margin, pleura mostly 
dark, but some pale spots. Abdomen dark; second and third segments, 
and more or less completely on other segments, with two small yellow 
spots at base, two at tip, and a much larger yellow spot in middle; 
venter mostly dark, the tips of segments pale. Legs mostly pale; hind 
femora with long dark mark, mostly above, front coxae with dark band; 
tarsi with tips of joints dark, but third and fourth mostly dark. Hair 
on pronotum and abdomen white. 

Wings hyaline; fore wings with most of venation dark but the longi- 
tudinal veins and some of the cross-veins partly pale, the costals with 
dark spot at base, and many other cross-veins plainly bordered with 
dark, and the outer forkings dark; in hind wings venation dark, but 
subcosta very plainly interrupted with pale; stigma in both pairs pale, 
with a dark spot at base. 

In fore wings three cross-veins before radial sector, seven branches 
to radial sector; anal branches at first oblique, but beyond nearly 
straight across. In hind wings two cross-veins before radial sector, hind 
margin on basal part not concave, one to three cross-veins between 
anal and cubital fork. Legs moderately slender; spurs hardly longer 
than first tarsal joint. Pronotum about as broad as long in middle, but 
little narrowed in front. In male the abdomen is but little longer, if any, 
than in female, the last segment shorter than the penultimate, the 
appendages nearly twice as long as last segment, very densely black- 
haired above. Fore wing of female 16 to 18 mm. long; of male 15 to 
17 mm. 


From Globe, Aug. 11 to 13 (Duncan), Tucson, July 25 
(Streets), Tucson, June 22 to Aug. 6 (Owen Bryant), July 27, 
Aug. 13 (J. N. Knull), Hualpai, July 4 (J. N. Knull), and 
Sierra Ancha Mts. (Duncan), all Arizona. 

Holotype M. C. Z. No. 23189, from Globe, Aug. 13 

Paratypes in Ohio State Museum, with Owen Bryant, 
and M. C., Z. 

In coloration H. apache is much like H. coquilletti Currie, 
but the pronotal marks are much reduced, and the basal part 
of hind margin of hind wings is not concave, the male appendages 
are twice as long, etc. 
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Clathroneuria navajo sp. nov. 
(Figs. 8 and 10) 


Head pale; a dark interantennal mark extending a little below and 
slightly more above antennae; vertex with two rows of spots; pronotum 
pale, two submedian dark stripes, connected behind, a lateral stripe from 
the groove back, and the outer margin somewhat dark; rest of notum 
streaked with dark leaving two submedian pale stripes; scutelli pale on 
apical part; pleura mostly dark, but with several pale areas; abdomen 
dark, a small pale median spot, and a fainter one at base of several 
segments; legs mostly pale, femora with dark dots, tibia with dark at 
tip and toward base, tips of tarsal joints dark, third and fourth mostly 
dark; hairs and some bristles white, other bristles black; sense hair at 
base of front femur as long as the femur; spurs nearly equal four joints. 

Wings hyaline; fore wings with brown and white venation, the 
cross-veins, especially those between media and cubitus, more or less 
bordered with dark; stigma white, a dark spot at base, and a dark mark 
at rhegma, and outer forkings dark; in hind wings the venation largely 
dark, with paler interruptions; stigma pale. 

Fore wings slender; three cross-veins before radial sector, six branches 
to radial sector, most of anal branches scarcely oblique, anal area very 
narrow; hind wings very narrow, especially on basal half, the hind 
margin plainly concave; two cross-veins before radial sector, six branches 
to radial sector. Legs short and the femora moderately stout. Hair on 
pronotum white, on abdomen mostly dark above, white below, very 
long. Abdomen of female slender, second segment nearly six millimeters 
long. 

Fore wing 17 mm. long. 


From Pinery Canon, Chiricahua Mts., Arizona (Duncan). 
Holotype, M. C. Z. No. 23190. 


Clathroneuria arapahoe sp. nov. 
(Fig. 2) 


Head and entire body mostly pale yellowish, a faint brown mark 
above antennae, latter brown, the club pale beneath, and a few seg- 
ments before the club pale; pronotum without marks; mesonotum 
faintly darkened each side, several abdominal segments pale, except a 
dark band at tip, last segment dark, with middle third pale; legs pale, 
tibiae and tarsi with a few dark dots, bristles above mostly black, below 
often white. 

Wings hyaline; fore wings with mostly dark venation, the subcosta, 
radius, and cubitus plainly interrupted with pale; stigma pale yellowish, 
a dark spot at base, and also a spot at rhegma. Hind wings with mostly 
dark veins, some interrupted with pale; stigma pale, dark spot at base. 

Hair above on pronotum dark, on sides pale, on abdomen rather long 
and mostly dark. 

Pronotum about as long in middle as wide, but little narrowed in 
front; legs rather short, spurs nearly equal to four joints. 
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Wings moderately slender, both pointed at tips, hind pair very 
slender on basal part. In fore wings with three or four cross-veins 
before the radial sector, anal area narrow, the cross-veins but little 
oblique. In hind wings two cross-veins before radial sector, seven 
branches of radial sector; anal area very slender, the margin concave. 

Abdomen of male slender, second joint fully one-half the length of 
the wings, last joint nearly as long as the penultimate, appendages 
slender, bristly above, nearly one half as long as last segment. Fore 
wings 17 mm. long. 


From Tucson, Arizona, Oct. 15 (Owen Bryant). Holotype, 
M. C. Z. No. 23191. 


Clathroneuria delicata Currie 
(Fig. 1) 
Proc. Ent. Soc. Wash. V, 279, 1903 (Brachynemurus). 


I had seen only the type in the U.S. Nat. Mus. Mr. Bryant sends on 
several specimens from Tucson, June 20 to 25. This is a pale, almost 
white, species resembling a small Hesperoleon coquilletti Currie. They 
agree in general with my description (Rev. Myrmel, p. 52) but the third 
anal vein is forked. The pronotum is longer than broad, the hair white. 
The abdomen is black, the hair white, and quite short. The wings are 
slender as in C. navajo and C. arapahoe, the hair on wings is fairly short 
and rather sparse. 


The four species of Clathroneuria can be separated as 
follows: 


1. Pronotum unmarked, abdomen largely pale, dark at tips of segments, 


ED: WEE PINS oso candice hucccues Wannaecestaecmmmenenneets arapahoe 
neat Wier Cn SII. |. «us win Dk s ww nce a ae oa 6 Gkatble Malate een 2 

2. Pronotum with but two submedian dark stripes, widened behind; median 
vein of both wings almost wholly white; pleura mostly dark....... delicata 


Pronotum with lateral as well as submedian dark stripes. ... 
3. Larger; in fore wings cross-veins more or less bordered with “yellowish 
brown, second abdominal segment pale at base and tip as well as at 


Mo Ges wan Pan walewen hse keen abe Wat ou vc Waa t eu ds ca cate eal Schwarzi 
Smaller; veins not bordered with yellowish brown, but some with black; 
second abdominal segment not pale at tip, spot in middle small...... navajo 


Calinemurus californicus Bks. 
(Fig. 3) 
Proc. Calif. Acad. Sci. V, 519, 1895 (Brachynemurus). 
This species, described from the lower part of Baja 
California, occurs at Tucson, Ariz., Aug. 6 (Owen Bryant), 
Aug. 9 (Nichol), and (J. N. Knull). 


It differs from C. fuscus Bks. in much less dense venation, in having 
the costal area of fore wings with three rows of cells only near the middle, 
in the largely pale pronotum, in the broader fore wings, the more 
prominent spots at end of anal vein and at rhegma, and paler abdomen. 
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Glenurus luniger Gerst. 
Mitth. naturw. Ver. New-Vorp. w. Rigen XXV, 126, 1893. 


Of this Central American species one specimen was sent by Mr. 
Duncan from Tempe, Arizona. In the hind wings the spot is much as in 
G. snowi Bks. In the fore wings there is a clear space beyond the 
stigma, the space between subcosta and radius has only a few dark 
spots, in snowi almost wholly dark, no marks between the cubitus and 
media, in snowi many dark spots; on the hind margin only a mark 
up from end of the anal vein, in snowi with dark spots all along outer 
margin. 


Myrmeleon mexicanum Bks. 
Journ. N. Y. Ent. Soc. XI, 241, 1903. 


Not before recorded from the United States. Specimens 
are from Arivaipa, Aug. 21 (Owen Bryant), Tucson, 1 Aug. 
(Vorhies), and July 20 and Aug. 11 (J. N. Knull), all Arizona. 


It goes in the section of the larger species in which there are connect- 
ing veinlets between some of the branches of the anal vein. It is nearest 
to M. mobilis Hag. from which it can be separated by the almost wholly 
pale, unmarked venation, and by having the hind border of both scutelli 
pale. 


EXPLANATION OF PLATE 


Clathroneuria delicata, posterior part of fore and hind wings. 
Clathroneuria arapahoe, posterior part of fore and hind wings. 
Calinemurus californicus, thoracic markings. 

Hesperoleon huachuca, tip of abdomen, and appendages. 


Hesperoleon apache, marks on abdomen, on head and thorax, and the 
front tarsus. 


Hesperoleon niger, tip of abdomen. 
Hesperoleon curriei, tip of abdomen. 
Clathroneuria navajo, marks of vertex and thorax. 
Hesperoleon peregrinus, tip of abdomen. 
Clathroneuria navajo, posterior part of hind wing. 
Tip of labial palpi: 

a— Hesperoleon huachuca. 


b— Hesperoleon curriei. 
c— Hesperoleon brunneus. 
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THE TERMITOPHILOUS COLEOPTERA OCCURRING 
IN THE UNITED STATES 


CHARLES H. SEEVERS,! 
The University of Chicago, 
Chicago, Illinois 


One of the many interesting phases of the study of the social 
life of termites is that dealing with the ‘‘guests’’ which inhabit 
the colonies. Careful collecting in many parts of the world, 
particularly in the tropical regions, has revealed a very remark- 
able group of insects which live exclusively in termite nests. 

These termitophiles belong to such diversified orders as the 
Coleoptera, Diptera, Lepidoptera, Hymenoptera, Hemiptera, 
Collembola and Thysanura. Their relations with the host 
varies considerably. Many are structurally unmodified but are 
tolerated by the host termites. Others exhibit rather remark- 
able morphological specialization for this mode of life. The 
specialized termitophiles (symphiles) are physogastric; i. e., 
their abdomens are more or less distended by the great increase 
in fat and blood tissues. Secretions exude from the membranous 
areas of the abdomen which are often so extensive that the 
sclerites are widely separated. The termites may be observed 
licking this exudate not only from the abdomen but from the 
whole body, including antennae and legs. Among the physo- 
gastric termitophiles found in termite nests are staphylinid 
beetles, phorid flies, termitoxenid flies, carabid larvae, histerid 
larvae, dipterous larvae, and lepidopterous larvae. 

A large majority of the termitophiles of the world are 
staphylinid beetles, and all except two of the known termite 
guests of the United States are of this family. The following 
termitophilous Staphylinidae have been described as occurring 
in United States: Termitogaster texanus Brues Philotermes 
pilosus Kraatz, P. fuchsit Kraatz, and P. pennsylvanicus Kraatz 
of the subfamily Aleocharinae; and Microcyptus testaceus (Lec.), 
Trichopsenius depressus (Lec.), Xenistusa cavernosa Lec., X. 
fossata Lec., X. pressa Lec., Conosoma heathi Wasm. of the 


1The author is greatly indebted to Dr. Alfred E. Emerson, Dr. Orlando Park, 
Miss Olive Falls, and Dr. E. A. Chapin of the U. S. National Museum, for making 
available many of the specimens used in this study. I am especially grateful to 
Dr. Emerson who, in addition to furnishing much valuable material, identified the 
termites with which the beetles were associated. 
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subfamily Tachyporinae. In addition, Platycholeus leptinoides 
(Crotch) and P. opacellus Fall of the family Leiodidae are known 
to be termitophilous. As little consideration has been given to 
the taxonomy of these small beetles, it is the purpose of this 
paper to consider them from this standpoint. 

Termitogaster texanus is the only physogastric species of this 
group. Apparently it has never been collected since C. T. Brues 
discovered it in the nest of Tenuirostritermes cinereus (Buckley) 
at Austin, Texas, in 1902. Recently, however, A. E. Emerson 
found a new species congeneric with texanus in a nest of Tenu- 
irostritermes tenuirostris (Desneux) in Arizona. With few 
exceptions, physogastric species are associated throughout the 
world with termites of the family Termitidae. This family of 
termites is a tropical and subtropical one, and only two genera, 
Amitermes and Tenuirostritermes, occur in the United States. 
The genus Amitermes apparently does not have many guests, 
since only one termitophile has been discovered in the nests of 
an African species of this genus. There are only two species of 
Tenutrostritermes in United States so it is apparent that few 
physogastric termite guests may be expected to occur in this 
country. 

It is evident after comparing fexanus and the new species 
with the seven South American and Panamanian species of 
Termitogaster that our species are not congeneric with them. 
Brues noted that fexanus differed in many important respects 
from the genotype, 7ermitogaster insolens Casey, but he hesi- 
tated to erect a new genus since at that time only one species of 
Termitogaster was known. I propose to assign our physogastric 
species to a new genus described in this paper. In the same nest 
with the physogastric species, Emerson discovered a non- 
physogastric aleocharine which apparently does not belong to 
any known genus of Staphylinidae, and so is assigned to a genus 
described below. 

The species of Philotermes were poorly defined by the original 
descriptions and as they have never been redescribed, it has 
been almost impossible to identify them with any degree of 
certainty. They are described in more detail in this paper and a 
new species is added. Locality and host records of the tachy- 
porine termitophiles are included in order to complete the 
account of the known species of this country. Descriptions are 
not included since those already existing are adequate for iden- 
tification of material (except the species of Xenistusa). 
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The host termites were identified by A. E. Emerson. This is 
the first accurate record of the host species of most of these 
termite guests. Since practically all of the termites of the genus 
Reticulitermes in the United States were considered to be Termes 
flavipes at the time of the earlier descriptions, the hosts were for 
the most part given this name. The host-guest relationship 
between the aleocharines and the termites is specific with few 
exceptions; the guest usually being found associated with only 
one species of termite. This is in accord with relationship known 
to exist between termitophiles and hosts in all parts of the world; 
the physogastric species in particular being very specific in 
selection of a host. 

Holotypes are in the collection of the author. Paratypes are 
in the author’s collection and that of A. E. Emerson. 


Subfamily ALEOCHARINAE 


Tribe Aleocharini 


Genus Eburniogaster n. gen. 
Genotype: E. termitocolus n. sp. (Pl. I, fig. 1-4) 


Body very sparsely setose and pubescent; setae more abundant on 
the abdominal sclerites. Head and thorax slender, abdomen much 
enlarged (physogastric) and flexed so strongly as to be directed anteriorly 
over thorax and head. 

Head strongly flattened, circular in outline from above. Eyes 
coarsely facetted, slightly less than half as long as the head, moderately 
pointed posteriorly. Antennae (fig. 4) eleven jointed, not geniculate; 
inserted on the front just medial to the anterior, superior margin of the 
eye. First joint equal in length to the second and third together; 
broader than any of the other joints; anterior face flattened; second joint 
very short; joints 3-10 robust, cylindrical; third joint longest, fourth 
shorter, fifth longer than the fourth; remaining joints gradually shorter 
and narrower; eleventh joint oval, somewhat pointed. 

Postclypeus short; anteclypeus very short, membranous; labrum 
moderately long, extending beyond the mandibles; anterior border of 
labrum rounded, notched at middle. 

Maxillae (fig. 3) small, the galea slightly longer than the lacinia, 
strongly setose on the inner border for more than half its length; the 
lacinia with anterior border concave and densely setose. Maxillary 
palpi four-jointed; first joint very minute, second and third joints sub- 
equal in length, the third twice as wide as second, ovate; fourth joint 
slender, short, awl-shaped. Mandibles short, slender, arcuate, simple. 

Labium almost entirely membranous; mentum and submentum 
fused, glossae short, membranous, not extending beyond the second 
joint of the palpi. Labial palpi three-jointed; second joint shorter and 
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narrower than the first; third joint very slender, longer than the second. 
Palpi extending beyond mandibles. 

Pronotum (fig. 1) flat, rounded posteriorly, not much wider than the 
head; slightly wider than long. Scutellum not visible. Elytra about as 
long as pronotum, connate. (Brues states that the elytra are not connate. 
This was probably due in his specimen to their separation during the 
extensive post-imaginal development of the abdomen; a situation not 
uncommon among strongly physogastric termitophiles.) Wings devel- 
oped. Prosternum almost twice as wide as long, moderately convex. 

Sides of metathorax weakly sclerotized and exhibiting a considerable 
development of membranous material. The sides of the metathorax are 
rather strongly distended by this membranous material which is clearly 
visible between the epimeron and the dorsal sclerites of the thorax, and 
which. pouches out from underneath the epimeron posteriorly. This 
seems to be an incipient physothoracic condition; a rather rare develop- 
ment present only in some of the most specialized termitophiles; e. g., 
Thyreoxenus of South America and the Solomon Islands. 

Legs moderately long. Anterior coxae widely separated at the base; 
as long as the femora; middle coxae close together, short; hind coxae 
contiguous, transversely triangular. Femora and tibiae moderately 
short; tibial spurs very minute. Tarsi all five-jointed. 

Abdomen (fig. 2) with the first five visible segments (actual segments 
3-7) strongly dilated; abruptly narrowed behind the seventh segment to 
less than half the width; this part of the abdomen appearing almost as 
an appendage. The strongly physogastric abdomen is permanently 
recurved over the head and thorax. Dorsum flat, the venter strongly 
convex. The sclerites of any one segment are contiguous, but the 
sclerites of adjacent segments are separated by rather wide areas of 
membranous material. 

The first four visible tergites rectangular, almost three times as wide 
as long, increasing gradually in length. Fifth tergite elongate, one and 
one-half times as long as the fourth, tapering strongly so that the 
slightly arcuate posterior border is only about half as wide as the 
anterior border. Sixth tergite approximately square, as wide as the 
posterior border of the fifth. Tergites with an oval opening approx- 
imately midway between the anterior and posterior borders (somewhat 
in front of middle in the fifth and sixth tergites) and near the lateral 
border. These openings may be much enlarged spiracles, although 
somewhat removed from the usual location. 

The paratergites of visible segments 1-4 are rather wide, the outer 
paratergites being wider than the inner ones. The margin formed by 
the paratergites is not raised above the tergites, and is about one-fifth 
as wide as the tergites. Paratergites of the fifth segment are elongated 
and taper to a point posteriorly. 


This genus belongs to the tribe Aleocharini of the subfamily 
Aleocharinae, and is erected to include E. termitocolus n. sp. 
and E. texanus (Brues). It is impossible in view of the present 
knowledge of the subfamily to indicate relationships among the 
genera very clearly. Eburniogaster differs from Termitogaster in 
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many respects. These differences are given not because the two 
genera are very closely related but because E. texanus was 
formerly assigned to Termitogaster. 

The following differences between the two genera are rather 
important: (1) the antennae are not geniculate, and the scape is 
not greatly elongated as in Termitogaster, (2) the eyes are 
coarsely facetted, (3) the head and pronotum are small and 
flattened; in Termitogaster they are large and very convex, and 
pronotum of Jermitogaster is very much pitted and grooved, 
(4) the maxillary palpi are quite different in structure, (5) the 
labium is almost entirely membranous, while that of 7ermzito- 
gaster is strongly sclerotized and differs in structure, (6) the 
outer paratergites of the abdomen are not reduced to slender 
bars, (7) the body is sparsely and weakly setose, (8) the spirac- 
ular openings (?) in the tergites are unusually large; in Termito- 
gaster they are hardly larger than an ordinary setigerous 
puncture. 


Eburniogaster termitocolus n. sp. 


Length, 3.5 mm. (with abdomen in horizontal position). 

Body testaceous; head, elytra and abdominal tergites slightly darker. 
Head and elytra evenly and moderately coarsely punctate; pronotum 
very minutely punctate near the anterior angles only. Head, elytra and 
anterior angles of the pronotum with very short pubescence. Dorsum 
of head and pronotum not setose; labrum with a small group of setae; 
ventral side of the head with about a dozen erect setae on each side. 
Elytra with a few short setae on the lateral margins. Chaetotaxy of the 
abdomen as follows: Tergites 1-4 with a row of about twelve yellow, 
semi-erect setae along the posterior border; the fifth tergite with eight 
short, black setae arranged in three rows of 2, 2, 4, respectively; 
the sixth tergite with four short black setae along the posterior border. 
Sternites moderately closely punctate and pubescent with several 
irregular rows of erect black setae. The number of rows is as follows, 
beginning with the first sternite: 5, 4, 4, 4 and 3, respectively. Inner 
paratergites with several yellow setae, the outer paratergites with from 
six to twelve erect black setae. 

The antennae (fig. 4) longer than head and thorax together. First 
joint broad (two-thirds as broad as long) and moderately long; anterior 
face considerably flattened, abruptly narrowed at the base. Second 
joint short, slightly more than one-fourth the length of the first and 
about half as wide. Third joint cylindrical, two-thirds as long as the 
first and about three-fourths as wide; with an oval depression on the 
outer side near the apical end. Joints 4-11 cylindrical, gradually 
decreasing in width; the fourth joint less than three-fourths as long as 
the third; the fifth joint somewhat longer than the fourth; joints 6-10 
very gradually decreasing in length; eleventh joint longer than ten, 
attenuated at tip. 
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Pronotum (fig. 1) approximately four-fifths as long as wide. Surface 
flattened except for slightly concave median area. Anterior border 
bisinuate, anterior angles rounded. Pronotum widest a short distance 
behind the anterior border, the sides tapering rather strongly posteriorly, 
slightly concave behind the middle. Posterior angles rounded; posterior 
border arcuate. Elytra approximately as long as pronotum. Sides 
straight, posterior border slightly concave. 

Legs rather long and slender. Tibiae and femora of each leg subequal 
in length. Tibia with two short, apical spurs. Legs sparsely setose and 
pubesce1:+. Front tarsi with first joint equal to the two following; joints 
2-4 subequal; the fifth joint slightly shorter than the first joint. Middle 
and hind tarsi with the first joint as long as the three following together; 
joints 2-4 decreasing in length, the fourth hardly half as long as the 
second; the fifth joint equal to three and four together. 


Type locality: Oracle, Arizona. 

Host: Tenutrostritermes tenutrostris (Desneux). 

Described from a unique specimen (holotype) collected by 
A. E. Emerson (20—-IV-1937). 

It is difficult to indicate all of the differences between 
termitocolus and texanus since I have been unable to examine a 
specimen of the latter. From Brues’ figure and description of 
texanus it is quite evident that there are differences. The scape 
of the antenna of texanus does not appear to be flattened on 
one face, and the pit in the third antennal segment is not 
mentioned. The shape of the pronotum is decidedly different. 
The anterior border and the sides of the pronotum of texanus are 
figured as being straight, while this is certainly not the case in 
termitocolus as shown in fig. 1. 

Brues described texanus from three specimens, one of which 
he believed to be a female and the other two males. The two 
specimens regarded as males differed in many important 
respects from the other specimen. They were not physogastric; 
their mouthparts and antennae were different; and the pro- 
notum and elytra were strongly setose. As far as I know, such 
important sexual differences as these are seldom if ever found in 
the Staphylinidae, and I am inclined to doubt if these individ- 
uals were different sexes of the same species. The occurrence of 
a physogastric female and a stenogastric male in the same 
species of termitophilous beetle is unknown (although occurring 
in the dipterous family Phoridae, e. g., Puliciphora). It is true 
that stenogastric individuals of both sexes occur in physo- 
gastric species, since physogastry is a post-imaginal develop- 
ment, but they do not differ from the physogastric forms except 
in the size of the abdomen. I believe that the individuals 
described as males by Brues belong to an undescribed genus. 
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The localities recorded for these species (Austin, Texas, and 
Oracle, Arizona) are beyond a doubt near the northern limit of 
the range of the genus, since the host does not occur much 
farther north. As yet, nothing is known of their range in 
Mexico. 


Genus Termitonidia n. gen. 
Genotype: T. lunata n. sp. (Pl. II, fig. 11-14, 16) 


Body slender; abdomen not enlarged nor membranous. Entire body 
strongly setose. Head flattened, somewhat elongate, oval in outline 
above. Postclypeus moderately long, anterior border concave; ante- 
clypeus short, membranous, somewhat crescent-shaped; labrum slightly 
transverse, anterior border arcuate. Mandibles rather straight, with the 
tips curved moderately. Eyes small, oval, coarsely granulated, setose. 

Antennae (fig. 16) elongate and slender; somewhat longer than head 
and thorax together. First joint moderately long, club-shaped, slightly 
shorter than second and third joints together. Joints 2-11 nearly equal 
in width, a little narrower than the first joint. Second joint short; joints 
3-10 cylindrical, elongate, twice as long as wide, varying little in length; 
eleventh joint longer, attenuated at tip. Third antennal segment with 
a large oval concavity in the outer surface. 

Maxillae (fig. 11) prominent. Galea and lacinia elongate, slender; 
lacinia shorter than galea; both strongly acute at tip, and each with the 
median border closely setose for some distance apically. Maxillary 
palpi four-jointed, long and slender; first joint minute, second joint 
moderately arcuate, about three-fourths as long as the slightly wider, 
subcylindrical third joint, which is about four times as long as wide. 
Fourth joint slightly more than half as long as third, very slender, 
pointed at tip. 

Labium rather feebly sclerotized; mentum and submentum united. 
Labial palpi three-jointed; first joint moderately broad, second joint 
narrower and shorter; third joint very slender, slightly longer than the 
second. Glossa large and membranous, entire; extending slightly beyond 
the palpi. 

Pronotum (fig. 13) large, moderately convex, transverse; almost 
twice as wide as the head. Elytra broader and shorter than the pro- 
notum. Scutellum broadly triangular. Wings present. Prosternum 
transverse, anterior border slightly concave, sides and posterior border 
strongly arcuate. 

Legs moderately long; femora broad, outer border arcuate; tibiae 
more slender, sub-equal to the femora in length, and with a short slender 
spine apically. Tarsi five-jointed; first joint elongate; joints two to four 
decreasing in length; fifth as long as third and fourth together. Claws 
simple. 

Abdomen (fig. 12 and 14) approximately as wide as elytra, sides 
parallel. First five visible tergites sub-equal in length, about two and 
one-half times as wide as long. Fifth tergite with posterior border 
emarginate and the posterior angles prolonged and acute. Sixth tergite 
somewhat longer than the others, sides tapering posteriorly, rounded 
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behind. Tergites 1-5 with a crescentic slit (fig. 12) on each side near 
the lateral border and midway between anterior and posterior borders. 
These openings more than a fourth as wide as the tergites. Protruding 
from beneath the sixth visible tergite (of the eighth true abdominal seg- 
ment) are three heavily chitinized structures. The median sclerite of the 
three tapers to a blunt point, and is V-shaped in section, the sides 
sloping ventrally from a median dorsal ridge. The lateral lobes are 
flat and taper to a rounded point. All three sclerites are densely clothed 
with heavy black setae. Presumably these sclerites represent parts of 
the ninth segment modified as portions of the male genitalia. This was 
not verified by dissection. 

Inner paratergites about one-third as wide as the tergites, and 
forming an angle with them since the sides of the abdomen are elevated. 
The outer paratergites are about one-half as wide as the inner para- 
tergites. The paratergites of the fifth segment (fig. 12) are elongated, 
being nearly twice as long as the fifth tergite. The fifth inner parater- 
gites taper in the posterior half to a blunt point. 

Abdomen convex ventrally. Posterior border of the fifth sternite 
deeply emarginate on either side of the middle and with the posterior 
angles prolonged into sharp points. Sixth sternite much narrower, 
strongly curved behind. 


This genus belongs to the tribe Aleocharini. While having 
some characteristics in common with Eburniogaster, it varies in 
many respects, of which the following appear to be important: 
(1) the eyes are setose, (2) it is not physogastric, (3) the maxillae, 
particularly the palpi, are much different, (4) the labium is 
sclerotized, and the glossa is entire, (5) the body is strongly 
setose, (6) the sternites, tergites and paratergites of the fifth and 
sixth visible abdominal segments are distinctly different. 

It is of interest to note that both genera have relatively large 
openings in the tergites; those of this genus being larger in size 
and crescentic in shape. It is not known whether these are 
much enlarged spiracular openings. These two genera also 
agree in having an oval concavity in the third antennal joint. 


Termitonidia lunata n. sp. 


Length (with abdomen straightened), 2.25 mm. 

Body light brown; abdomen, legs and antennae slightly lighter. 
Head coarsely and rather densely punctate along the posterior and 
lateral margins, rather sparsely punctate elsewhere. Head with mod- 
erately long, erect yellow hairs similarly arranged, and with two setae on 
the front between the eyes and two on each side medial to and posterior 
to the eyes. Postgenae with a small group of long, pale hairs. Median 
part of the pronotum (fig. 13) coarsely and densely punctate and with 
recumbent pubescence rather densely arranged; on each side sparsely 
and minutely punctate and with sparse pubsecence. Chaetotaxy of the 
pronotum as follows: four longitudinal rows of three very stout bristles 
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medially, and lateral to these five shorter setae along the anterior and 
lateral borders. Elytra punctate and with recumbent yellow pubescence, 
and with four stout setae on the disc and two along lateral margin. 

Tergites pubescent, tergites 1—4 with six very long setae and the fifth 
with four setae on the posterior margin. The last tergite with many 
long fine hairs. Inner paratergites of the first to fourth segments with 
one seta, the fifth with two setae. Outer paratergites each with one 
bristle. The first four sternites with a row of 18--20 long setae on the 
posterior margin, the central six to eight being very long, the others 
gradually decreasing in length laterally. The first four sternites with 
two very long, anteriorly directed bristles and a few shorter ones near 
the anterior margin. These sternites also bear many coarse, rather long 
setae not definitely arranged in rows; these becoming semi-erect and 
very sparse in the median area of the second and third sternites. The 
fourth sternite with a row along the posterior margin, a second irregular 
row in front, and a short third row between these in the median region 
only. The acute posterior tips of the fourth sternite with several long 
setae. 

Pronotum approximately three-fourths as long as wide. Anterior 
border slightly emarginate medially. Pronotum widest behind the mid- 
dle; sides feebly rounded posterior to this point, more so anteriorly. 
Posterior border slightly sinuate laterally and rather abruptly arcuate 
medially. Posterior angles rounded, slightly obtuse. Elytra with sides 
straight, posterior border slightly sinuate. Elytra slightly shorter than 
pronotum. 


Host: Tenuirostritermes tenuirostris (Desneux). 

Holotype: A male collected by A. E. Emerson (20-IV-1937) 
at Oracle, Arizona, in the same colony of termites with the 
physogastric species Eburniogaster termitocolus. Paratype: A 
male also collected by Emerson (18-IV—1937) on the site of 
old Camp Crittenden (between Sonoita and Crittenden, Arizona. 
In the collection of A. E. Emerson. 


Subfamily ALEOCHARINAE 


Tribe Bolitocharini 


Genus Philotermes Kraatz 


Genotype: P. pilosus Kraatz 
Kraatz: Linn. Ent. 11 (1857), p. 13. 


Body oblong, rather wide, depressed above; densely and finely 
pubescent and with sparse, erect, longer hairs. Head rather large, widest 
at level of eyes, gradually narrowing to slightly rounded base. Eyes 
small, finely granulated. Anteclypeus membranous, about one-half as 
long as the labrum, labrum transverse, anterior border straight. Man- 
dibles elongate, apical half bent almost at right angles to the basal 
portion, and much thinner; the right mandible with an obtuse projection 
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below the middle of the inner margin, finely crenulate for some distance 
above this projection. 

Antennae (fig. 15) 11-jointed, rather stout. First joint moderately 
long, three-fifths as wide as long; second joint narrower and less than 
half as long as the first; third joint narrow at the base, twice as wide at 
the apex; joints 4-10 transverse, cylindrical, subequal in length, eleventh 
joint ovate, twice as long as the tenth. 

Maxillae (fig. 10) with galea slightly broader and longer than the 
lacinia. The apical third of the galea abruptly narrowed, the fingerlike 
apical end densely pubescent, the curved inner border below tip with 
rows of long fine hairs. Lacinia with distal half gradually narrowed, 
curved at tip, terminating in a spine, and bearing on its inner border 
about a dozen bristles which become short and toothlike near tip. 
Maxillary palpi four-jointed; first joint very short, second joint with 
outer border strongly arcuate, two-thirds as long as the third; fourth 
joint short, narrow. 

Submentum and mentum (fig. 7) chitinized; sides of submentum 
sinuate as is the anterior border to a much less extent. Mentum trap- 
ezoidal. Ligula short, narrow, expanded and rounded in front; about as 
long as the second joint of the labial palpi. Labial palpi three-jointed, 
the joints decreasing markedly in width; first joint a little more than 
half as long as the second; the third joint longer than the second, very 
slender, truncate at tip. 

Pronotum wider than long, slightly wider than elytra. Anterior 
border straight in some species, sinuate in others. Sides rounded, base 
arcuate; all angles obtuse. 

Elytra with sides parallel, posterior border slightly sinuate. Scu- 
tellum transversely triangular. Abdomen with sides parallel, about as 
wide as the elytra, flat above, convex below. The posterior border of 
the fifth visible tergite is somewhat emarginate. The terminal tergite is 
densely clothed with rather long pubescence. 

Legs short; coxae contiguous. Tarsi 4, 4, 5 jointed. The three basal 
joints of fore and middle tarsi subequal, the terminal joint equal in 
length to the other three united. First joint of the hind tarsi equal to 
the second and third together; the three following joints subequal; the 
fifth joint equal to the three preceding joints together. Tibia with two 
terminal spines. Tarsal claws long, simple. 


This genus was established to include several species of 
termitophilous beetles occurring in eastern United States. In 
1887 Sharp described an additional species, Philotermes laxi- 
cornis, from Guatemala (Biologia Centrali-Americana, vol. I, 
No. 2, p. 171). From the description and figure, it appears to me 
that this species is not congeneric with our species. Sharp was 
very doubtful of its affinities and placed it in this genus pro- 
visionally. , 

All of the species of this genus are associated with termites of 
the genus Reticulitermes and as far as is known are found only 
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in the termite galleries. They are apparently not molested by 
the termites as can readily be determined by placing them in 
observation colonies. They are not physogastric and it is not 
definitely known that they secrete an exudate as the specialized 
physogastric forms do. It appears as if they do secrete some- 
thing upon which the termites feed, as they are occasionally 
licked by the hosts. They undoubtedly feed on the termite 
exudates as they can often be observed doing so. It is possible 
that they have acquired a specific colony odor which gives 
them protection from the termites. This is evidenced by the 
confusion created in an observation colony when a termitophil- 
ous species foreign to the termite colony is introduced. The 
specific host-guest relationship existing between the species of 
this genus and various species of Reticulitermes may be possibly 
accounted for on the basis of an acquisition of a specific colony 
odor. 

This genus belongs to the tribe Bolitocharini. There are very 
few termitophilous genera of this tribe in the world, and Philo- 
termes is not closely allied to any of these. 


Philotermes pilosus Kraatz (P1. II, fig. 5, 7, 10, 15) 
Kraatz: Linn. Ent. 11 (1857), p. 14. 


Length (with abdomen straightened), 3.0-4.0 mm. 

Body yellowish-brown in color, shining. Head, pronotum, elytra and 
the fourth and fifth tergites darker than the remainder of the body. 
Head very minutely and sparsely punctate and with very fine, sparsely 
arranged yellow pubescence, longer behind the eyes. Labrum with 
several dark bristles and a number of long pale hairs. 

Pronotum (fig. 5) densely punctate and covered with a yellow 
pubescence, except for a narrow longitudinal median area which is 
impunctate and nearly glabrous. The pronotum bears many dark 
setae (with pale tips) except on the narrow median area and at the 
anterior angles. A considerable area near the anterior angles is very 
densely clothed with rather long, pale hairs. 

Sides of the elytra densely clothed with fine white, recumbent 
pubescence, the median area almost glabrous. Elytra with a number of 
scattered setae on the lateral half; the medial half bearing only a seta or 
so near the scutellum. 

The posterior border of each tergite with a row of six dark hairs; the 
first three sternites of abdominal segments 3-5, with fine pubescence 
and scattered setae; the remaining sternites with two rows of dark setae 

_at the apical border. 

Pronotum approximately twice as wide as long, wider than head or 
elytra; widest just behind the center. Median area of the pronotum 
slightly convex; laterally the pronotum is slightly inflexed for about 
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three-fourths of its length. Anterior border of pronotum sinuate, 
anterior angles rounded and depressed slightly; posterior border arcuate. 

The middle tibia differs from the other tibiae in that the distal end 
is much enlarged. 


Host: Reticulitermes flavipes (Kollar). 

Type locality: Tennessee (Kraatz). 

Specimens examined: Indiana (Turkey Run State Park) (8) 
30-V-30, (7) 16—VI-33 (A. E. Emerson); (2) 19—-VI-34 (C. H. 
S.). Illinois (Olney) (8) 15-IV-33 (A. E. E). New York 
(Huntington, L. I.) (4) 25-IV-—26 (Orlando Park). Other rec- 
ords: Massachusetts, Pennsylvania, and District of Columbia 
(Schwarz, 1888, p. 160). 


Philotermes fuchsii Kraatz (PI. II, fig. 9) 
Kraatz: Linn. Ent. 11 (1857), p. 15. 


Length (with abdomen straightened), 2.5-3.0 mm. 

Entire body light brown, shining. Head, pronotum and elytra 
minutely punctate. Head sparsely clothed with short, semi-erect, fine 
hairs, which become longer on the sides of the head. Pronotum some- 
what more densely covered with similar hairs, except near the anterior 
angles where there is a group of about two dozen very much longer hairs. 
The pale hairs which are present in considerable numbers on the elytra 
are much longer than those covering the general surface of the head and 
pronotum. 

Head (fig. 9) with two setae on the labrum; a transverse row of four 
rather long, dark setae on the vertex; and a more posterior row of six on 
the occiput (these rows are sometimes irregular and occasionally a seta 
or two extra may be present between the rows). Pronotum with about 
five irregular longitudinal rows of erect setae on each side of the median 
line; the median row on each side with five or six setae, the other rows 
with from two to four setae. The elytra bear corresponding rows of 
from three to four setae. The chaetotaxy of the abdomen is similar to 
that of pilosus. 

Pronotum (fig. 9) approximately three-fourths as long as wide 
(L:W::73:100). Pronotum with anterior border nearly straight. 
Pronotum widest at the middle, the sides behind the middle evenly 
rounded into the arcuate base. 


Host: Reticulitermes hageni Banks. 

Type locality: Tennessee (Kraatz). 

Specimens examined: Florida (Crescent City) (2) U. S. Nat. 
Mus., determined by E. A. Schwarz; (Tampa) (13) 26—XI-36, 
(Gainesville) (2) 25—-X-37, Miss Olive Falls. Arkansas (Arka- 
delphia) (3) 4-IV-37, A. E. Emerson. Other record: New Jersey 
(Leng’s catalogue). This seems to be a southern species and the 
last record is to be questioned. Blatchley also records P. fuchsit 
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from Marion Co., Indiana. In all probability these specimens 
would be identified with the new species described below from 
Indiana, or with P. pennsylvanicus. 


Philotermes pennsylvanicus Kraatz (PI. II, fig. 6) 
Kraatz: Linn. Ent. 11 (1857), p. 15. 

Length (with abdomen extended), 3.0 mm. 

Color reddish brown; mouthparts and legs testaceous. Head, pro- 
notum, and elytra closely and rather coarsely punctate, and clothed 
with short, recumbent pubescence, except for the usual group of long 
hairs near the anterior angles of the pronotum. This patch of hairs is 
more dense than in fuchsii and emersont. 

Head (fig. 6) with short dark setae arranged as follows: two on the 
labrum; an irregular oblique row of five setae on each side beginning on 
the front between the antennal fossae and continuing behind the antenna 
and eye; two on the vertex between these rows; a posterior row of six 
on the occiput; and two or three on each side of the head. 

Pronotum and elytra with a number of scattered setae. Tergites 
with a row of ten erect setae near the apical border, four coarser setae 
with two finer ones between each of them. The sternites with numerous 
setae in very irregular rows, the first two sternites with about five or six 
rows, the next two sternites with three or four rows and the remaining 
sternites with four or five rows. 

Pronotum (fig. 6) much wider than long (L : W ::6:10), widest 
at a point slightly in front of the middle; sides evenly rounded into the 
arcuate base. 

All of the tibiae similar in structure. 


Hosts: Reticulitermes flavipes (Kollar) and R. claripennis 
Banks (Mt. Vernon, Texas). 

Type locality: Pennsylvania (Kraatz). 

Specimens examined: Washington, D. C., (2) U. S. Nat. 
Mus., determined by E. A. Schwarz. Pennsylvania (Oakridge) 
(1) 9-VI-30 (J. Benkert). Illinois (Olney) (2) 15-IV—33 (A. E. 
Emerson), (Peoria )(2) 27-V-33 (Orlando Park). Texas (Mt. 
Vernon) (1) 5-IV-37 (A. E. E.). Other locality: Massachusetts 
(Schwarz, 1888, p. 160). 

It would seem that this species of Philotermes is exceptional 
in that it has two hosts. It is to be noted, however, that R. 
flavipes and R. claripennis are so closely allied as to be almost 
indistinguishable. A. E. Emerson considers it very likely that 
upon examination of sufficient material they will be found to be 
synonymous, or that at most claripennis will be but a subspecies 
or variety of flavipes. 
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Philotermes emersoni n. sp. (PI. II, fig. 8) 


Length (with abdomen extended), 2.0.. mm 

Color reddish-brown, legs and mouthparts lighter. 

Head, pronotum and elytra finely punctate. Head sparsely clothed 
with moderately long pale hairs, which become longer behind the eyes. 
Pubescence of pronotum sparse and very short medially, longer on the 
sides, the anterior angles with a group of long, sub-erect pale hairs. 
Elytra uniformly clothed with rather close sub-recumbent pale hairs. 

Chaetotaxy of the head (fig. 8) as follows, subject to minor varia- 
tions: two dark setae and several lighter ones on the labrum; five setae 
in an irregular arc on each side beginning between the antennal inser- 
tions and passing behind the antenna and eye; two on the vertex 
medially; and six in a transverse row on the occiput. The pronotum with 
a number of erect dark setae not arranged in rows; and each elytron 
with about thirty-five erect setae irregularly placed. 

Tergites with an apical row of four coarse setae and four finer ones, 
two of the fine setae medially, and one on each side between the coarse 
setae. The sternites with an apical row of about fifteen long, erect setae 
and a number of recumbent pale hairs directed posteriorly from the 
margin. The first sternite with several other irregular rows of short 
setae; the remaining sternites with two additional, irregular rows of 
about fifteen setae. 

Pronotum (fig. 8) with nearly straight anterior border and with 
surface evenly convex from disc to the lateral margin. Pronotum about 
two-thirds as long as wide, widest at the middle. Sides of the pronotum 
moderately angulate behind the middle, base arcuate. 

All of the tibia similar in structure, not enlarged appreciably distally. 


Host: Reticulitermes arenincola Goellner. 

Holotype: Indiana Dunes State Park, Indiana, 8-IV—1934 
(C. H.S.). 

Paratypes: (1) Beverly Shores, Indiana, 16—I X-37 (C. H.S.); 
(1) Pine, Indiana, 17—-V-30 (E. Goellner); (1) Michigan City, 
Indiana, 21-VI-30 (E. Goellner); (2) near Wyandotte Cave, 
Indiana, 18—VI-—34 (C. H. S.). 

The host termite of this species is known at the present time 
from Indiana, Michigan, and Tennessee. It is found abundantly 
throughout the Indiana dune region (the type locality). 

In making a comparison of the species of this genus, we find 
that pilosus is distinct from the other species in many respects, 
the most important of which are as follows: (1) its larger size 
and testaceous color, (2) the very minute and sparse punctation 
of the head, and the absence of setae from the dorsum of the 
head, (3) the arrangement and number of setae on the pronotum 
and elytra. The elytral setae are confined to the lateral half of 
the elytra, the central portion being in addition almost glabrous, 
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(4) the shape of the pronotum; the bisinuate anterior border and 
inflexion of the surface lateral to the disc, (5) the enlargement 
of the middle tibia distally. 

P. fuchsii is readily distinguished from the other two species 
by the arrangement of the setae on the head (fig. 9) and by the 
fact that the pubescence of the elytra is much longer than that 
of the head and pronotum. The pronotum is relatively narrower 
in this species as the length is about three-fourths of the width. 

The new species (emersont) is rather close to pennsyl- 
vanicus, but is a smaller species and differs in the shape and 
proportions of the pronotum. The sides of the pronotum behind 
the middle are slightly angulate (fig. 8) while in pennsylvanicus 
(fig. 6) the sides are evenly rounded. In addition, the pronotum 
is widest at the middle and is narrower in proportion to the 
length (L : W :: 66 : 100), while that of pennsylvanicus is widest 
in front of the middle and is wider (L : W ::60:100). The 
pilosity of the tergites is different in the two species. Those of 
emersoni have an apical row of eight erect setae; four coarse 
ones with one fine seta between the outer coarse bristles, and 
two between the middle ones, while those of pennsylvanicus have 
four coarse setae with two finer ones between each of the others, 
making ten in all. 


Subfamily TACHYPORINAE 


There are several minute tachyporine staphylinids which are 
found exclusively in termite nests. As the existing descriptions 
are adequate for determination of material, it will be unnecessary 
to describe them here. As is true in many groups of Staphylin- 
idae, the tribal arrangement is not altogether satisfactory since 
a comparative morphological study of the different genera is 
necessary in order to determine relationships. There are 
several errors in description which result in genera being placed 
together without reason. Microcyptus Horn is placed in the 
tribe Hypocyphtini on the basis of its having four-jointed tarsi, 
while actually the tarsi are five-jointed. 

The account here is confined to recording the host and 
locality records of the known termitophilous Tachyporinae of 
the United States. 





1938] Seevers: Termitophilous Coleoptera 437 


Microcyptus testaceus (Lec.) 
Hypocyptus testaceus Leconte, 1863, p. 30. 
Anacyptus testaceus Horn, 1877, p. a 
Microcyptus testaceus Horn, 1882, p. 1. 

Locality records: Athens, Georgia (Leconte); New Crescent 
and Smyrna City, Florida (Horn); Arizona (Horn). 

Specimens examined and host records: Tampa, Florida 
(Miss Olive Falls), with Reticulitermes hagent Banks; Hot 
Springs, Arkansas (C. H. S.), with Reticulitermes tibialis Banks. 


Trichopsenius depressus (Lec.) 


Hypocyptus depressus Leconte, 1863, p. 30. 
Trichopsenius depressus Horn, 1877, p. 88. 


Locality records: Georgia (Horn); Columbus, Texas; Lou- 
isiana; and Lowell, Massachusetts (Schwarz) ; California (Leng’s 
cat.). 

Specimens examined and host records: near Wyandotte 
Cave, Indiana (C. H. S.), with Reticulitermes flavipes (Kollar); 
Gainesville, Florida, and Jacksonville, Florida (Miss Olive 
Falls), with R. hagent Banks; Olney, Illinois (A. E. Emerson), 
with R. flavipes; Memphis, Tennessee (Miss Olive Falls), with 
R. arenincola Goellner. 


Xenistusa’ cavernosa Lec., X. fossata Lec., X. pressa Lec. 
Leconte: 1880, p. 167. 

The three species were described from three specimens col- 
lected at Columbus, Texas, in the nest of Termes. Schwarz 
(1888) states that he was unable to distinguish differences 
between these species upon examination of the type specimens. 
Apparently no more specimens have been taken of this genus so 
the status of these species is unknown. Furthermore, the host 
record is unsatisfactory as many species have been included 
under this name. 


Conosoma heathi Wasmann 


It is very questionable whether this species should be 
included as a termitophile. It is probable that it was collected 
in a log with termites and the association was accidental. The 
numerous species of this genus are not inquilines in the nests of 
social insects so it is doubtful if this is an exception. 

*Since completing this paper I have received specimens of Xenistusa from Miss 
Olive Falls. They were collected with Reticulitermes hagenit Banks at Gainesville, 
Florida. It is of interest to note that they are distinctly physogastric, in which 


respect they differ from all known tachyporine termitophiles. Comparison with 
type material will be necessary to determine their specific status. 








438 Annals Entomological Society of America |Vol. XXXI, 


Family LEIODIDAE 


Genus Platycholeus Horn 
Horn: Tran. Amer. Ent. Soc. 8 (1880), p. 254; pl. VI, fig. 2. 
P. leptinoides (Crotch): ibid, 5 (1874), p. 77. 
P. opacellus Fall: Psyche 16 (1909), p. 133. 

Attention was first called to the association of leptinoides 
with termites by E. A. Schwarz in 1893. He wrote (p. 73): “A 
number of specimens were obtained by Mr. H. G. Hubbard, in 
July, 1891, at Lake Tahoe, Cal., in a colony of Termopsis 
angusticollis within the stump of a large pine tree; other spec- 
imens, found by Mr. A. Koebele in California with the same 
host, are in the U. S. National Museum. The general appear- 
ance of this remarkable Silphid indicates a parasitic or inquilin- 
ous mode of life, and I have no doubt that it is a true ter- 
mitophilous species.”’ 

This belief was further confirmed by H. C. Fall who collected 
a number of specimens of /eptinoides and a single specimen of 
opacellus with termites at Lake Tahoe, Cal., in 1897. More 
recently (11—V—-1937), A. E. Emerson collected a series of 
leptinoides from the galleries of the same host species, Zooter- 
mopsis angusticollis (Hagen), in a large stump near Camino, 
California. 

It is of interest to note that the majority of the specimens of 
opacellus studied by Fall in drawing up his description of this 
species were collected by A. Fenyes in association with small, 
yellowish-brown ants. Whether this was an accidental associa- 
tion or whether this species occurs with both ants and termites 
is not known. Records of guests living with both groups of 
social insects are very rare and unconfirmed in all instances of 
which I am aware. 

R. Jeannel (1922, p. 9, fig. 1, 2) has shown that Platycholeus 
belongs to the subfamily Bathysciinae. It is rather remarkable 
in that it is the only known North American genus of the sub- 
family and one of the few genera of the group whose species are 
not cavernicolous. The subfamily is almost wholly confined to 
Europe and adjacent regions and the caves found there harbor 
numerous eyeless, apterous, pale-colored species. Only a very 
few European species live outside the caves. 

Platycholeus appears to be most closely allied to Sciaphyes of 
eastern Asia (Vladivostok, U. S. S. R.), the only other genus 
known outside of Europe and Asia Minor. While Platycholeus 
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bears a close resemblance to the cavernicoles in body form, it 
show no evidence of the degenerative evolution which has 
occurred in those species; the eyes and wings being well devel- 
oped and pigmentation moderately heavy. 

R. Jeannel (1922, 1924) believed that the Balkan Peninsula 
was the center of dispersion for the group and that successive 
migrations led to the establishment of the numerous species in 
the caves of Europe and Asia Minor. He further suggested that 
migration to the east, possibly during late Cretaceous or early 
Tertiary, would have resulted in individuals reaching Eastern 
Asia and, by way of a continental North Pacific connection, 
Western United States. 

In conclusion, I would like to call attention to an error in the 
key description of Platycholeus in J. C. Bradley’s A Manual 
of the Genera of Beetles north of Mexico. The description is as 
follows: ‘‘ Posterior coxae somewhat separated; male tarsi 5 to 4 
segmented, female tarsi 4 segmented.” In reality, the male tarsi 
are all five-jointed; the females differing in having the anterior 
tarsi four-jointed. 
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Termitophilous Coleoptera PLATE I 
Charles H. Seevers 


Eburniogaster termitocolus n. sp. 


1, Pronotum. 2, Lateral view. 3, Maxilla. 4, Antenna. 





Termitophilous Coleoptera PiaTE II 
Charles H. Seevers 


Philotermes pilosus Kraatz: 5, Head and pronotum. 7, Labrum. 10, Maxilla. 
15, Antenna. 


Philotermes pennsylvanicus Kraatz: 6, Head and pronotum. 
Philotermes emersoni n. sp.: 8, Head and pronotum. 
Philotermes fuchsiit Kraatz: 9, Head and pronotum. 


Termitonidia lunata n. sp.: 11, Maxilla. 12, Dorsal aspect of terminal segments 
of abdomen. 13, Pronotum. 14, Ventral aspect of terminal segments of 
abdomen. 16, Antenna. 
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THREE NEW SPECIES OF PSYLLIDS AND THE 
DESCRIPTION OF THE ALLOTYPE OF 
LIVIA OPAQUA CALD. 


(Homoptera: Psyllidae) 


Joun S. CALDWELL 
Ohio State University 


Livia opaqua Cald. 
Length, 3.3 mm.; forewing, 2.5 mm. Appearing black. 
Eyes greatly flattened. Forewing extremely opaque. 
Dorsal valve of female similar to ohioensis Cald., more elongate and 
sinuate; serration on caudal half very coarse and irregular. Anal 
opening decidedly raised in profile. 


Female allotype is in the Illinois Natural History Survey 
collection. Collected at Hopedale, Ill., October 2, 1917. 


Aphalara manitobaensis n. sp. 


Length of male, 2.5 mm.; female, 2.8mm. Clypeus long, cylindrical. 
Body entirely black with no lighter markings. 

Forewing two times as long as broad with a broken subapical brown 
band, maculate apically. 

Forceps in male with anterior-mesal process separated from forcep, 
appearing similar to dentata Cald. (Genitalia not relaxed or cleared.) 

Female genital segment resembling dentata but much more elongate 
with the apex of the dorsal valve very elongate and straight. 


Male holotype from Churchill, Manitoba, 8—2-37, col- 
lected by D. G. Denning, is in the Daggy and Denning 
Collection at the University of Minnesota. Female allotype 
with same data is in the writer’s collection at Ohio State 
University. 


Euphyllura acacia n. sp. 


Length of male, 1.8mm.;female,2mm. Head, thorax, and abdomen 
green tinted with yellow; forewings yellow-orange. 

Head and thorax strongly deflexed, not pubescent. Eyes not 
recessive. Genae very short, scarcely differentiated from vertex. 
Antennae short, thick. Forewings strongly rhomboidal, opaque, veins 
scarcely visible apically; medial cell short, broad. 

Male forceps as long as genital plate, subrectangular in lateral 
aspect with almost squarely truncate apex. Proctiger elongate pyriform. 

Female genital segment one-half as long as rest of abdomen. Valves 
equal in length; dorsal valve flat for basal two-thirds, thence abruptly 
humped and tapered to the apex in lateral aspect. 
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This species is unique in that the structure of the head is typical 
of the genus Katacephala while the rest of the insect including the 
angle of the head and thorax and their lack of pubescence is typical of 
Euphyllura. 


Male holotype, female allotype, and paratypes collected by 
Dr. D. M. DeLong, 3-30-38, at Key Largo, Fla., on Acacia 
are in his collection at Ohio State University. Paratypes 
with the same date are in the writer’s collection. 








"A 


Fig. 1. A, Forewing, manitobaensis; A', Female genitalia, manitobaensis; B, Fore- 
wing, fuscata; B', Male forcep, fuscata; C, Male forcep, acacta. 


Arytaina fuscata n. sp. 


Length of male, 3. mm.; female, 3.4 mm. Head and thorax dull 
orange; legs yellow except for black terminal tarsi; abdomen brown, 
genital segment dull orange; forewings clear to slightly milky with an 
apical smoky brown band. 

Head as broad as thorax. Vertex twice as broad as long. Genal 
cones divergent, as long as vertex. Forewing twice as long as broad; 
pterostigma long; medial cell long and narrow; Cu; scarcely arched. 

Male genital plate as high as long. Forceps with caudal margin 
straight except for caudad reflexed apex; cephalic margins greatly 
expanded cephalad above plate, thence sloping caudad almost to apex 
where it cuts cephalad meeting the truncate apex in a very acute angle. 

Female genital segment as long as rest of abdomen; dorsal valve 
straight, resembling P. americana Crawf. 
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Holotype male, allotype female, from Churchill, Manitoba, 
7-29-36, collected by Mr. H. E. McClure, are in the writer’s 
collection. Paratypes collected in the same locality, August 2 
and 6, 1937, by D. G. Denning, are in the Daggy and Denning 
collection at Minnesota and the writer’s collection. 


TEXTBOOK OF COMPARATIVE PHYSIOLOGY, by CHARLES GARDNER 
Rocers. Pages i-xviii and 1-715, 158 text figs., 1 col. plate, 1938. 
8vo (6144 x 94% inches, linen). Published by McGrAw-HILL Book Company, 
Inc., 330 West 42nd St., New York, N. Y. Price $5.50. 

This useful work has reappeared in the above revised edition. The author, 
professor of physiology at Oberlin College, states: ‘‘In its new form the work is 
more of the nature of a textbook and less of a handbook for investigators. Since 
the first edition appeared there has been published a perfect avalanche of new and 
pertinent results of research. The task of selection and digestion of these papers 
has not been easy. . . . much material, not strictly physiological has been 
removed. Also, there has been much rearrangement of material in order to 
secure a more logical presentation. The major part of the book has been rewritten 
and all has been reset. Much material, . . . is here presented for the first 
time in textbook form.”’ 

“It is the purpose of this volume to help modify some of the existing con- 
ditions, to assist in the return to the broader view of physiology, and to offer to 
biological students . . . a cultural background of physiological ideas and ideals 
not to be gained from a study of technical mammalian physiology alone. The 
physiology of animals is really functional zoology. . . . Since it is functional 
zoology, it concerns itself with the primary functions of animals of all groups, 
especially of the invertebrates which constitute probably not far from 93 per cent 
of all known species of animals. No attempt is made to follow the stereotyped 
form and content of medical physiology.”’ 

The above extracts from the author’s prefaces describe the point of view of 
Rogers’ work better than could a reviewer. In this Department of Zoology 
and Entomology, (and Genetics, and Parasitology) we recommend Rogers 
“‘Comparative Physiology”’ to all graduate students preparing for Master’s and 
Doctor’s examinations. 

Titles of chapters run as follows: 1. Introduction; 2. Solutions; 3. Diffusion 
and Osmosis; 4. Protoplasm; 5. The Cell; 6. General Phenomina of Life; 7. The 
Transport System; 8. Circulation of Body Fluids; 9. Respiration; 10. Enzymes 
and Digestion; 11. Secretion; 12. The Nutrition of Animals; 13. Absorption; 
14. Utilization of Food Materials in the Body; 15. Physiology of Movement; 
16. Excretion; 17. The Physiology of Coordination, Adjustment, and Regula- 
tion; 18. The Physiology of Reproduction. 

As the general trend of technical entomology is into the physiological field 
which for insects is in the first stages of exploration, we recommend the volume 
to all entomologists interested in the physiological aspects of their science. We 
are disappointed in the change the author has made from that of a volume for 
investigators to that of a textbook. It does not offer an easy introduction to the 
literature. References out to the literature are almost completely absent. There 
are no bibliographies. 

It is a well printed volume and in the substantial linen binding used on many 
McGraw-Hill publications.—C. H. K. 











GROWTH AND SURVIVAL OF JAPANESE BEETLE 
LARVAE REARED IN DIFFERENT MEDIA 


DANIEL LUDWIG AND HENRY Fox, 


Department of Biology, University College, 
New York University 


Fox and Ludwig (1937), in their discussion of methods for 
the rearing of scarabaeid larvae, stated that the medium used 
in the rearing boxes may be varied in nature and composition, 
the main considerations being its capacity to hold moisture 
and supply food. For this purpose, the use of a vegetable 
mold, sifted plant detritus, was advocated because it has a high 
water-holding capacity, losing moisture more slowly than mineral 
soils and becoming wet less readily when water is added. They 
stated further that vegetable mold is readily consumed by 
scarabaeid larvae, Japanese beetles having been reared from 
egg to adult in this medium alone, although development is 
more rapid if other food, such as grains of wheat, is added. 
With this species they report that the best results were obtained 
when several grains of wheat were added to the plant mold at 
intervals of about a week during the growing period, the larvae 
feeding on the grain itself and on the growing rootlets as well 
as on the mold. 

During the past ten years, vegetable mold obtained from 
two species of grass, Andropogon scoparius and A. glomeratus, 
and from a sedge, Carex stricta, have been used in rearing 
Japanese beetle larvae. These experiments indicate that the 
mold resulting from the disintegration of the grasses has more 
food value than that derived from the sedge. For instance, 
beetles have been reared from egg to adult on Andropogon 
mold alone, while all attempts to rear them on Carex mold 
alone have failed, no larvae completing the third instar. Hence, 
it is evident that the type of plant mold used is an important 
factor in the survival and metamorphosis of this species. 

In the present series of experiments various types of vege- 
table mold, and also certain other media, were used alone and 
in combination with such foods as living grains of wheat, 
killed grains of wheat, and yeast, in an attempt to find a medium 
which would be most satisfactory for rearing purposes. In 
each case, a record was kept of the number of larvae surviving 
the different instars, the rate of growth as indicated by the 
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duration of the instars, and the weight of the larvae at their 
completion. 


MATERIAL AND METHODS 


The Japanese beetle larvae used in these experiments were hatched 
from eggs laid in the laboratory by beetles collected in the field or reared 
in the laboratory. As soon as hatched, each larva was placed in a 
l-ounce metal salve box containing the selected medium. The various 
media used in these experiments, together with the number of larvae 
placed in each, are listed in Table I. In this table, “‘+living wheat” 
signifies that several grains of wheat were added to the medium as 
needed to serve as additional food for the larvae. This wheat usually 
germinated and the rootlets were thus also available as food. The term 
‘“‘+dead wheat” denotes that wheat grains which had been killed by 
heating for about 30 minutes in a hot air sterilizer at approximately 
100° C. were added to the medium as needed. The yeast consisted of a 
suspension of one-half cake of baker’s yeast in approximately 100 cc. of 
tap water. This yeast suspension was used both to moisten the medium 
and to supply the larvae with food. In other cases, the medium was 
kept moderately moist by the addition of tap water. The soil used in 
these experiments was obtained just beneath sod on the New York 
University campus and probably contained fine organic detritus. The 
salve boxes and the basic media were always sterilized before use by 
heating in a hot air sterilizer for approximately two hours at 150-200 C. 

The vegetable molds used in these experiments were derived partly 
from natural and partly from artificial sources. The Andropogon and 
Carex molds were collected in the field; the former beneath tussocks of 
A. glomeratus, and the latter beneath those of Carex stricta. The 
Osmunda mold was at first obtained from a commercial source, but later 
from beneath crowns of cinnamon fern, Osmunda cinnamomea. The 
other two media, Sphagnum moss and peat, were obtained from com- 
mercial sources only. The exact nature of the peat was not determined, 
but its general texture and appearance suggests its origin from ter- 
rigenous deposits, since no traces of fibrous material or other con- 
stituents indicating its vegetable origin could be detected. 

Throughout the experiment, the beetles were kept in an incubator 
at approximately 25° C. The only time the temperature varied more 
than 1° from this point was during the summer months when temper- 
atures about 30° were recorded on several occasions. However, as 
indicated in Table I, only certain of the third-instar larvae of the 
Andropogon series were exposed to these high temperatures. 

Observations were made twice a week on the time of survival and, 
on the approach of molting, daily ones were made to determine the 
duration of each instar. Weight readings on a representative group of 
larvae from each series were made, using a chainomatic balance sen- 
sitive to one-tenth of a milligram. The larvae were weighed within the 
first 24-hour period following the molt to the second instar, to the 
third instar, and to the pupal stage. Ludwig (1932) found that at 25° C. 
the larvae reached their maximum weight in about one month after 
molting to the third instar. To obtain readings on full-grown third- 
instar larvae, a representative group from each series was accordingly 
weighed 42 days after this molt. 
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OBSERVATIONS 


The results of the present study are summarized in sufficient detail 
in Tables I and II to render special comment unnecessary, except in 
cases where they serve to illustrate the more significant aspects of the 
study. It is clear that all the media used in the experiments, except 
Andropogon mold, when used alone are unsuitable for rearing Japanese 
beetle larvae to metamorphosis. For this purpose, the basic medium 
must be supplemented by the addition of food from other sources. 
However, Andropogon mold appears to furnish all essential constituents 
for both larval growth and metamorphosis. The same may be true of 
molds derived from grasses in general (Gramineae) and especially from 
the more succulent forms, such as the common pasture and lawn grasses 
with which these larvae are far more frequently associated in nature 
than with the relatively tough and dry Andropogon. 

The mold derived from the sedge, Carex stricta, a member of a family 
(Cyperaceae) taxonomically close to the grasses, seems to be nearly as 
suitable for the growth and development of the freshly hatched larvae as 
the mixture of soil and Andropogon mold, which, of all the media tested, 
gave the maximal survival for the entire larval period. Carex mold, 
however, appears to lack something required by the larvae for their 
later development, as only a small percentage (12.3 per cent) completed 
the second and none the third instar. This inference is further supported 
by a comparison of the weights attained by the larvae in the different 
media. Up to the end of the second instar, the average weight of the 
larvae reared in Carex mold is practically identical with that of the 
series reared in the mixture of soil and Andropogon mold (Table II). 
However, in the former medium, the weight of third-instar larvae 42 
days after the molt, averaged less than half of that attained in the 
latter, and considerably less than the weight reached by larvae of the 
same stage in any of the other media. 

In conformity with the relativity remote affinity of ferns to the 
grasses, the mold obtained from Osmunda, used as the only source of 
food, gave decidedly inferior results compared with that derived from 
the other two sources just considered. It, however, enabled a limited 
proportion (13.3 per cent) of the larvae to pass through the first, and a 
greatly reduced number (2) through the second instar. 

The remaining three media (soil, peat and Sphagnum moss) in which 
rearing was attempted without additional food, gave negative results, 
no larvae surviving the first instar. The soil doubtless contained some 
finely divided plant debris which was presumably responsible for the 
longer survival (average, 26.6 days) in that medium than in either the 
peat or the Sphagnum. Although the latter is composed exclusively of 
plant tissue, its composition, in line with the very remote relationship 
between it and the grasses, probably makes it an unsuitable source of 
food for Japanese beetle larvae. 

In general, the addition of wheat grains to a medium materially 
improves it. This, in the present series of tests, was especially true of 
such media as soil and peat, which when used alone failed to carry the 
larvae through the earliest instar, and of Osmunda mold, in which 
otherwise only a very small proportion survived beyond the same stage. 
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It, however, failed to effect any improvement in Sphagnum, possibly 
because the latter contains or liberates some material toxic to the young 
larvae. If Sphagnum be disregarded, the improvement in survival 
attending the addition of wheat appears to bear an inverse relation to 
the taxonomic affinities of the plant furnishing the mold, to the grasses. 
Thus its addition to Osmunda mold improved quite strikingly the sur- 
vival of all larval stages in that medium. With Carex, it resulted in a 
much less striking improvement with respect to the first instar, although 
in later development, the improvement in survival was fully as marked 
as in the Osmunda mold. With Andropogen, the addition of wheat not 
only failed to effect any improvement, so far as survival is concerned, 
but was followed by a remarkably high mortality among the larvae 
immediately preceding metamorphosis. 

The addition of wheat shortened the time required for the larvae to 
pass through the first two instars in all media. It also resulted in an 
increase in the weight of the Jarvae which becomes more striking after 
the first instar. Its effect in shortening the time of development was 
least in the case of Andropogen mold where the addition of living wheat 
effected an average reduction in the length of the first instar of only 5.4 
days; whereas in Carex mold, it was 16.1 days; and in Osmunda mold, 
18.0 days. Reduction in the duration of the second instar from the same 
cause was also much less in the case of the Andropogen mold than in 
either of the other two media, but any satisfactory comparison of the 
latter with each other is precluded by the limited number of larvae 
which survived the second instar. In most cases, living wheat proved to 
be more effective in reducing the duration of the first two instars than 
dead wheat. The duration of the third instar is determined to a great 
extent by the intervention of a diapause which at 25° C. normally occurs 
in this instar (Ludwig 1928). In all media, except those of the Andro- 
pogon series, where many of the third-instar larvae were subjected to 
higher temperatures during the summer months, the duration of this 
instar was approximately 100 days. Hence, the particular food available 
seems to have no influence upon its duration. The brief exposure of 
the third-instar larvae of the Andropogon series to temperatures as high 
as 30° C. seemed, in some cases, to break up or to eliminate the diapause, 
metamorphosis beginning in 40 to 60 days after the molt to the third 
instar. But in other individuals similarly exposed, it appeared to retard 
metamorphosis. Perhaps the time after the molt at which such exposure 
occurs is the important factor in determining this divergence in the 
response. These results are suggestive of a method for eliminating 
diapause and carefully controlled experiments on this problem are now 
in progress. 

A very unexpected result, and one difficult to explain, is the remark- 
ably rapid development of first-instar larvae reared in soil with living 
wheat. It was at first supposed that this result was accidental, but it 
was subsequently confirmed by another series, consisting of 400 larvae 
reared under the same conditions, in which the average duration of the 
first instar was 14.3 days, a figure practically identical with that (13.7 
days) given in Table I. It is also interesting to note that in Andropogon 
mold mixed with soil to which living wheat was added, the duration of 
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the first instar was the same as in Andropogon mold to which living 
wheat alone was added. Hence, the presence of soil, in this case, had no 
effect on the duration of this instar. In the soil and wheat, almost the 
sole food available was the wheat itself; hence, development occurred 
very rapidly. On the other hand, when Andropogon mold was also 
present, the larvae fed in part on this medium and therefore did not 
exhibit the maximum acceleration in development attending the use of 
wheat as a major source of food. 

In many instances the addition of wheat was followed by a more or 
less extensive growth of fungal hyphae in the boxes, from which it might 
be inferred that at least part of the stimulative effect attributed to the 
wheat may have come from the feeding of the larvae on these hyphae. 


TABLE III 


SURVIVAL THROUGH METAMORPHOSIS OF JAPANESE BEETLE LARVAE REARED IN 
DIFFERENT MEDIA 


























Number of Larvae Per Cent Meta- 
Type of Food Surviving 70 Days of morphosing to 
the Third Instar Pupal Stage 
Soil + living wheat At 47.7 
Soil + dead wheat 33 45.5 
Andropogon mold.... 30 83.5 
Andropogon mold + living wheat 42 33.4 
Andropogon mold + dead wheat 22 27.3 
Andropogon mold + yeast... 38 89.8 
Andropogon mold + yeast + livi ing wheat 20 30.0 
Andropogon mold + soil.......... 34 88.2 
Andropogon mold + soil + living wheat. 33 54.5 
Osmunda mold + living wheat 40 25.6 
Osmunda mold + dead wheat 33 27.3 
Osmunda mold + yeast..... 14 28.6 
Peat + living wheat. . 30 20.0 
Peat + dead wheat. 18 5.4 
Caren + living wheat. ; 43 4.7 


This supposition, however, is negated by the observation that no cor- 
respondence could be detected between either the rate of development 
of the larvae, or the size attained by them, and the amount of fungal 
growth present. In boxes which showed no visible traces of hyphal 
growth, the larvae were in no way different from other larvae reared in 
boxes containing a luxuriant growth of the fungus. 

It seems highly paradoxical that a food, which when added to a 
medium promotes both growth and development, should result in a 
greatly reduced survival toward the close of larval life when the insect 
is about to undergo metamorphosis. This effect of wheat is shown in 
Table III where the numbers of larvae surviving 70 days of the third 
instar, and the per cent of these larvae which survived to the pupal 
stage are listed. No detailed comparison is possible except in the 
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Andropogon series, since the other media did not permit development as 
far as metamorphosis without the addition of other foods. In this series, 
the presence of wheat was always followed by a high mortality at the 
beginning of metamorphosis and during the prepupal period. Such a 
result suggests that wheat grains contain some factor definitely detri- 
mental to the completion of metamorphosis. Another possible explana- 
tion is that the addition of wheat increases the organic content of the 
medium above that which might be considered optimum for survival. 
The decomposition of an excess of organic matter, together with the 
accumulation of feces and other waste products, might possibly cause a 
high mortality during the early stages of metamorphosis, when the 
insect is particularly sensitive to unfavorable environmental conditions. 

The presence of soil in a medium greatly improves its value so far as 
survival is concerned. Thus in soil with wheat, and in the Andropogon 
series to which soil was added, from 30 to 60 per cent of the larvae 
molted to the pupal stage (Table I), a survival which is much higher 
than that in any of the other media. The presence of soil may serve to 
conteract the injurious effects of wheat on metamorphosing larvae. 
Its action may be due either to the presence of mineral elements, which 
possibly are needed during metamorphosis, to its adsorption of harmful 
substances, or to the stimulating effect of soil on peristalsis. The relative 
coarseness of the soil particles might favor the more rapid and complete 
removal of toxic products of intestinal decomposition previous to the 
initiation of metamorphosis. 

Yeast added to a medium partially improves its nutritive value, its 
addition to soil enabling a considerable proportion (42.6 per cent) of the 
larvae to complete the first instar. However, only 4.0 per cent completed 
the second instar and these soon died. Essentially the same result 
followed its addition to peat, although in the latter, the loss during the 
first instar was much greater, a probable consequence of the low nutritive 
value of the peat compared with the soil used in the experiments. 
Added to plant molds, yeast very materially increased survival in those 
derived from Osmunda and Andropogon. However, in the latter medium, 
its effect seems to be limited to the first instar, no significant differences 
being noted in the later stages. Yeast evidently favors both growth and 
development. Except in soil and peat, where it needs supplementary 
organic material to make it an adequate food, its addition to a medium 
appears to be beneficial since development in the earlier instars is 
accelerated and larvae of maximum weight are produced. 


DISCUSSION 


The acceleration in developmental rate, and the larger size 
of the larvae grown in media to which wheat grains or yeast 
were added, may be considered evidence that Japanese beetles 
need, or at least they are able to use, accessory food substances 
of the nature of the vitamin B complex. The greater accelera- 
tion of development produced by living, germinating wheat 
and by yeast compared with that produced by dead wheat 
may be associated with the higher vitamin B content of the 
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former foods (Daniel and Munsell, 1937, pp. 101-102). It 
seems fairly well established that many insects need vitamins 
belonging to the B complex, although these may not be strictly 
identical with the B vitamins recognized in mammalian nutri- 
tion. Bacot and Harden (1922) reported that Drosophila 
melanogaster required the presence of vitamin B for its complete 
development, but not vitamins A and C. Richardson (1926) 
found that the flour moth, Ephestia kuehniella, would not grow 
at a normal rate on highly milled flour, but that normal growth 
occurred when an alcoholic extract of yeast was added. Sweet- 
man and Palmer (1928) observed that the flour beetle, Tribolium 
confusum, was very sensitive to the presence of vitamin B. 
Colman (1932) and Crowell and McCay (1937) found that at 
least a part of the vitamin B complex is essential for the growth 
and development of the clothes moth, Tineola bisselliella. 
Hobson (1933) could not grow the blow fly, Luctlia sericata, on 
sterile blood or serum owing to a lack of vitamin B. In 1935, 
he presented evidence to show that this vitamin is supplied 
by bacteria when they are present. Trager (1935) reported 
that the larvae of the mosquito, Aedes aegypti, required at 
least two growth-promoting substances, one of which belongs 
to the B complex but is not identical with B:, Bo, or Bs. It is 
an alkali- and heat-stable substance present in aqueous yeast 
extracts. Melampy and Maynard (1937) and McCay (1938) 
studied the vitamin requirements of the roach Blatella germanica. 
This insect must have certain factors found in yeast but these 
factors are also different from B,; and flavine. According to 
Melampy and Maynard, they are also heat- and alkali-stable. 

The duration of each instar, and the weights attained at 
different stages by larvae grown in Carex and wheat agree 
with those earlier reported by Ludwig (1932) when Carex 
and wheat were also used as sources of food. However, in 
the present experiments, only 4 per cent of the larvae meta- 
morphosed to the pupal stage; while in the earlier experiments, 
nearly 50 per cent completed the larval period. The Carex 
previously used was collected in large clumps with considerable 
quantities of soil adhering, while in the present work practically 
no soil was included. Hence, the greater survival in the 
former case might have been due to the beneficial effects of 
the associated soil. 

Ludwig (1932) reported the existence of three groups, 
representing physiological varieties, in Japanese beetle larvae 
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reared at 25° C. This differentiation was based on the dis- 
tribution of the weight curves about three means. In the 
first group, the larvae developed more rapidly and attained a 
greater maximum weight than those of the other two groups. 
In the present experiments, a similar physiological differentia- 
tion was shown in larvae grown in molds derived from 
Andropogon, Carex, and Osmunda, and in peat, each with the 
addition of wheat, but it was not manifest in those grown in 
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Fig. 1. Duration of the first instar of larvae reared in Andropogon mold 
and soil, each with the addition of living wheat. 


soil with living wheat. It was observed, both in the earlier 
work and in the present experiments, that under the same 
conditions of temperature, when plant molds were used as a 
medium, most larvae completed a particular stage at approxi- 
mately the same time. However, a small percentage lagged 
in development for weeks after the majority. Such larvae 
presumably belong to a different physiological variety. On 
the other hand, when larvae were kept in soil with wheat, 
these differences completely disappeared, all individuals belong- 
ing to Group 1 of Ludwig’s 1932 classification. In Figure 1 is 
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plotted the distribution curves for the duration of the first 
instar of larvae grown in Andropogon mold with living wheat 
and in soil with living wheat. This chart shows that most of 
the larvae grown in soil with living wheat had molted to the 
second instar before the 15th day after hatching, while in the 
Andropogon series, only a few had molted at the same age. In 
the Andropogon series many larvae required more than 20 days 
in the first instar and several of them as much as 40 days. 
These individuals probably belong to Groups 2 and 3. 

Since early larval development occurred so rapidly in soil 
with living wheat at 25° C., it was decided to run a similar 
experiment at 20° C. At this temperature, the average dura- 
tion of the first instar was 29.7 days (94 larvae) in Andropogon 
with living wheat, and 34.1 days (76 larvae) in soil with living 
wheat. Hence, it appeared that a food combination which is 
highly favorable for larval development at one temperature 
may not be as favorable at a different temperature. The 
differentiation of Japanese beetle larvae into physiological 
varieties therefore appears to be conditioned by temperature, 
and also by food and by combinations of temperature and food. 


SUMMARY 


1. Attempts were made to rear Japanese beetle larvae in a 
variety of media, comprising molds (sifted plant detritus) 
derived from Andropogon, Carex, and Osmunda, dead Sphagnum, 
and such terrigenous products as soil and peat. Of these, only 
the mold derived from Andropogon furnished sufficient food for 
complete development and metamorphosis. The suitability of 
the plant molds for rearing purposes appears to be correlated 
with the taxonomic relationship to the grasses of the plant 
furnishing the mold. 

2. The addition of wheat (either living or dead) or of yeast 
to a medium made it better for larval growth, as shown by the 
increased survival to the time of metamorphosis, by acceleration 
of development, and by increase in size. It is suggested that 
these effects may be due to the presence of accessory food factors 
belonging to the vitamin B complex. In general, living wheat 
and yeast improved the medium more than dead wheat, 
probably because of the higher vitamin content of the living 
foods. Yeast, however, is not a complete food for Japanese 
beetle larvae. Only when supplemented by organic material 
from another source does it form a suitable food for their 
growth and development. 
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3. Despite its beneficial effects on larval growth, the 
addition of wheat to Andropogon mold, or to its mixture with 
soil, resulted in an increased mortality of the larvae during 
the period immediately preceding the formation of the pupa. 

4. The presence of soil in a medium results in a greater 
proportion of the larvae transforming to pupae. This effect 
may be caused by soluble mineral constituents needed by the 
larvae for metamorphosis, by the adsorption of harmful sub- 
stances, or by the more nearly complete removal of intestinal 
wastes at the beginning of metamorphosis as a result of per- 
istaltic reactions induced by soil particles. 

5. The appearance of physiological varieties seems to be 
conditioned by the temperature at which larvae are reared, 
by the type of food consumed and by the nature of the medium 
in which they are kept. 
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BIOLOGICAL NOTES ON BLISSUS IOWENSIS ANDRE 
(Hemiptera—Lygaediae)! 


GEORGE C. DECKER AND FLoyp ANDRE 
Entomology and Economic Zoology Section, 
lowa Experiment Station 
Ames, Iowa 


Studies by the writers on the overwintering habits of various 
Iowa invertebrates have revealed a number of interesting, rare 
and unknown forms. One of these, a new chinch bug, Blissus 
towensis Andre, was described in an earlier paper (Andre, 1937). 

Since a closely related species, Blissus leucopterus (Say), is a 
pest of major importance, it was deemed advisable to learn 
something of the biological and ecological relationships of the 
new species—towensis. The present paper resulted from these 
studies. 


RELATION TO OTHER MEMBERS OF THE GENUS BLISSUS 


The first specimens of iowensis obtained by the writers were from a 
sample of little blue stem (Andropogon scoparius Michx.) collected by 
Mr. A. D. Worthington near Creston, Union County, Iowa. At first 
these bugs were thought to be specimens of the northwest chinch bug 
(Blissus occiduus Barber), a species recorded from several western states 
and Canada. Careful scrutiny, however, revealed that the lowa spec- 
imens were structurally different and could be readily separated from 
examples of occiduus collected in Colorado, Montana, and in Saskatche- 
wan, Canada. Jowensis is more closely related to occiduus than to any 
other species or form with which the writers have so far been able to 
compare it. In all stages of development (egg, nymph, and adult) 
iowensis may be easily distinguished from the common chinch bug, 
B. leucopterus (Say). 


DISTRIBUTION 


With the exception of one specimen taken in Kansas all of the records 
for this species are from Iowa. In this state overwintering adults have 
been collected in Clarke, Union, Page, and Taylor counties. It is 
entirely propable, however, that careful examination of clumps of little 
blue stem will reveal the presence of this species over a much wider 
range. 


1Journal Paper No. J522 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 420. 
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DESCRIPTION OF STAGES 


Adult male.—Total length 2.80 mm.; width at widest portion of 
abdomen 0.81 mm. General color black. Legs, segment II of antennae, 
and rostrum ochraceous. Eyes deep red. Ocelli red. Wing bracts milk- 
ish white. Head, pronotum, dorsal and ventral portions of abdomen 
covered with pale incumbent hairs. 

Head much deflexed, rather short and broad. Eyes moderately prom- 
inent. Hairs on tylus longest. Width across eyes 0.58 mm. Antennae 
inserted ventral to eyes; segment IV longest, slightly more than twice as 
long as III; I shortest about half as long as II; segments in the propor- 
tions as I : II : III : IV ::12 : 23:18:38. Segments II, III and IV dis- 
tinctly club-shaped. Segment I, ochraceous; II, light yellow shading to 
ochraceous at apex; III, ochraceous in basal third shaded to piceous in 
apical two-thirds in some examples entirely piceous. Rostrum four- 
segmented reaching past hind margin of posterior coxae; segment II, 
longest about 1.5 as long as III, which is shortest; segments I and IV 
about equal in length; segments in the proportions as I: II : II] :IV:: 
22 :30 : 20:22. All segments ochraceous, I slightly darkened at base 
and IV darkened at apex. 

Pronotum wider than long (81 : 53), strongly transverse, lateral 
margins parallel to each other in posterior half, prominently punctured, 
covered with rather erect pale pubescence. Scutellum twice as wide as 
long (42 : 21), impunctate, covered with fine pubescence. Hemelytra 
short, reaching to posterior margin of metasternum. Membrane much 
reduced, pale milky white, apical margin rounded, reaching posterior 
margin of first abdominal segment. Dorsum of abdomen covered with 
many pale incumbent hairs, with a few more erect hairs on sides. Legs 
with femora brownish; tibia yellowish with brownish area on knee; 
tarsi yellowish-brown; claws yellow. Venter black with pale incumbent 
pubescence; genital claspers pale yellow, somewhat smaller than in 
leucopterus. (Plate I.) 

Female.—Similar to male in color and structure, slightly larger. 
Length 3.1 mm.; width at widest portion of abdomen 0.92 mm. 

Macropterus forms (f@ and 9). Lateral margin of pronotum par- 
allel to each other posteriorly. Corium reaching to posterior margin of 
the third abdominal segment. Veins slightly tinged with brown, 
remainder of wing pale milky white. Membrane in examples examined 
never reaching to tip of abdomen. (Plate I.) 

Egg.—Strictly of the lygaeid type; elongate-oval in outline, more 
broadly rounded and truncate at the cephalic end, more than three 
times as long as broad, circular in cross section, without any distinct 
net-like sculpturing but with the cephalic region displaying about 
twelve illy defined longitudinal rounded ridges and furrows, no color 
markings on the smooth, shiny and somewhat iridescent chorion. 
Cephalic end flattened with indications of a circular lid or cap, the latter 
bearing from three to seven minute unevenly spaced, short, chorial or 
micropylar processes, which are slightly bent inward, strongly con- 
stricted at their bases, enlarged and somewhat rounded at their apices. 
When freshly laid the egg is pale whitish in color, but within a few days, 
depending on the temperature, darkens to an amber hue, and finally as 
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incubation proceeds the egg becomes characteristically marked with 
crimson spots until the form of the embryonic insect is plainly visible 
beneath the chorion. The eggs of the same and of different individuals 
vary in size; the range being 0.810 mm. to 0.955 mm. long and 0.259 mm. 
to 0.275 mm. in diameter. The average measurements on 40 eggs were 
0.889 mm. long and 0.269 mm. in diameter. (Plate II, a). 

First instar —Width across eyes 0.226-0.243 mm. Antennae four- 
segmented, segments in the proportion—I : II : IT] :1V ::3:5:4.5:11. 
Width across prothorax 0.275—0.324 mm.; width across widest portion of 
abdomen 0.259-0.403 mm. Total length 0.75-1.09 mm. Color: Antenna: 
segment I light lemon yellow; II, light lemon yellow in basal portion 
shading to gray at apex; III and IV, dark gray. Portion between seg- 
ments colorless. Eyes red. Caudo-dorsal portion of head with irregular 
reddish pigmentation. Apical portion of head dark lemon yellow. 
Prothorax almost uniformly light reddish and concolorous with the 
adjoining area of head. Mesathorax with two rectangular shaped wing 
pads which are grayish brown. Metathorax reddish. First three abdom- 
inal segments nearly white with a few scattered red pigmented areas 
along margins. Remainder of abdomen reddish with the exception of 
the last two segments which are yellowish and the oderiferous tubercles 
which are brownish-gray. Legs and tarsi light lemon yellow. (Plate IT, b). 


Second instar—Width across eyes 0.307-0.340 mm. Antennae as 
I: IL: III: IV ::4.5:6.5 :6:15. Width across prothorax 0.421-0.469; 
width across widest portion of abdomen 0.48-0.631. Total length 1.116- 
1.474 mm. Colored as in first instar except slightly darker. (Plate II, c). 

Third instar —Width across eyes 0.356-0.388 mm. Antennae as 
[:I1: I] :IV::5:8:7:15. Width across prothorax 0.777 mm. Total 
length 1.663-1.86 mm. Color: Antennae with segments slightly darker 
than in two previous instars. Pigmented areas of head, and thoracic 
segments brownish. Wing pads more prominent and darker. Oderiferous 
tubercules and tip of abdomen rather dark brown. Legs and tarsi 
darker. (Plate II, d). 


Fourth instar—Width across eyes 0.4388-0.502 mm. Antennae as 
I:IL: ITI: IV ::6:10:9 : 22. Width across prothorax 0.615-0.810 
mm.; width across widest portion of abdomen 0.778-1.004 mm. Total 
length 1.912—2.12 mm. Color: Antennae with segments I and II light 
yellow; III and IV brownish except for the basal sixth which is colorless. 
Head dark brown except for the sutures and tylus which are slightly 
tinged with yellow. Eyes deep red. Pronotum, mesanotum, and 
metanotum brown except for the light mid dorsal line which runs to the 
base of the head. Mesathoracic wing pads darker than those on meta- 
thorax. Segments one and two of abdomen white as before, remaining 
segments dark red; dark areas around oderiferous tubercules larger and 
darker as is the spot at the tip of the abdomen. Legs and tarsi about 
the same as 3rd instar. (Plate II, e). 

Fifth instar—Width across eyes 0.550-0.599 mm. Antennae as 
I: II: 11 :IV::7:12.5:11 :27. Width across prothorax 0.810-0.939 
mm.; width across widest portion of abdomen 1.07-1.34 mm. Total 
length 2.75-3.04 mm. Antennae with segment I yellow shaded with 
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ochraceous; II yellow at base and tip with remaining portion ochra- 
ceous; III colorless at base, remainder dark brown; IV dark brown, 
Head dark brown except for sutures and deep reddish eyes. Tylus 
ochraceous. Pronotum, mesanotum, and metanotum brown except for 
mid-dorsal line which is light. Wing pads dark brown and almost 
uniformly concolorous with notum. Abdominal segments one and two 
white and remaining segments dark red. Area around oderiferous 
tubercles and spot at tip of abdomen dark brown. Legs and tarsi 
ochraceous. (Plate II, f). 


SEASONAL HISTORY AND HABITS 


Hibernation.—Blissus iowensis passes the winter in the adult stage 
hidden in the crowns and among the roots of its favorite host plant. In 
a tract of natural prairie sod near Creston, Iowa, over-wintering adults 
of this species have been collected many times in clumps of little blue 
stem Andropogon scoparius Michx. Although many samples of Andro- 


TABLE I 


SEASONAL History oF B. iowensis As SHOWN BY STAGE AND NUMBERS OF NYMPHS 
IN FIELD COLLECTIONS MADE AT CRESTON, Iowa, ON DATES SHOWN 


DATE INSTAR 


COLLECTED Ecc 


6- 1-36 
6-30-36 
7-30-36 
8-28-36 
9-15-36 





pogon furcatus Muhl., Elmus sp., Sporobulus sp., Carex sp., Phleum 
pratense L., Poa pratensis L., and trash collected in the same field were 
carefully examined not one specimen was taken in any of these types of 
cover. Similarly all of the specimens taken in other locations were 
collected in little blue stem. 

Number of Generations —The blue stem chinch bug has but one 
generation each year. The over-wintering adults become active in late 
April and begin mating and egg laying in May. The nymphs first appear 
about June first but their development is slow and the adult stage is not 
attained until late August or early September (Table I). 

Oviposition.—Under field conditions and on blue stem plants in 
cages, most of the eggs are deposited behind the leaf sheaths, around old 
leaf scales and between the leaves in dense clumps of little blue stem. A 
few eggs may be found around the roots and occasionally eggs are 
deposited in the soil near the plants. In cotton stoppered vials many 
eggs were placed in the cotton plugs but few if any were dropped free in 
the vials. 
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The number of eggs that a normal female will lay remains problemat- 
ical. In vials females fed succulent young corn laid between 8 and 44 
eggs, the average for ten females being 19.3 eggs. Five similarly caged 
females fed fresh leaves of little blue stem layed between 21 and 73 eggs 
each and averaged 38.5 eggs. When adults were caged on growing blue 
stem plants in the greenhouse, larger numbers of eggs were obtained. 
Ten pairs produced 506 eggs, four pairs 515 eggs, 6 pairs 333 eggs, 
and 2 pairs 209 eggs. These results showed that females of this 
species are capable of laying 100 or more eggs but whether or not they 
lay this number under field conditions is questionable. The small num- 
bers of eggs and young nymphs recovered in field collected samples of 
blue stem, known to have contained one or more pairs of adults in the 
spring, would indicate that the number of eggs deposited was low or 
that the natural mortality was very high. 

Food Habits —Upon hatching from the egg the young nymphs make 
their way to the base of the young grass plant shoots and begin sucking 


TABLE II 


A SUMMARY OF DEVELOPMENT FOR B. iowensis NYMPHS REARED Out-oF-Doors 
IN A SCREENED LABORATORY. ‘TIME IN Days 


NYMPHAL STADIA EGG 


| Ist | 2nd | 3rd | 4th | 5th |Total 


Minimum.......... 15 


5 21 8 6 8 11 Pe bas cicaeaes 
Maximum..... : 26 39 19 13 17 29 Bes aiceoss 
Average...... 22.4 | 27.1 | 11.3} 10.9 | 14.7 18 83 | 105 





the juices from these tender shoots. They are not possessed by the 
wanderlust spirit and therefore tend to remain more or less stationary so 
long as food is available. This is also true of the older nymphs and 
adults. They are seldom if ever found out in the open or even roving 
around on their food plants. Thorough and repeated sweeping of clumps 
of grass known to harbor from 6 to 20 bugs each has never resulted in 
the collection of a single specimen. 

Since no specimens have been taken on plants other than little blue 
stem it appears highly probable that this species seldom if ever attacks 
other plants. 

Under cage conditions in the insectary adults caged on oats, barley 
and wheat died within a week. Adults fed on corn lived for as long as a 
month but did not lay as many eggs as adults caged on blue stem. 


Life History.—To obtain information on the incubation period and 
the length of the nymphal instars, adults were caged on corn and blue 
stem and the eggs removed daily. Eggs were placed on moist blotting 
paper in cork stoppered vials. Newly hatched nymphs were placed in 
13x60 mm. cotton stoppered vials and fed corn or blue stem cuttings. 
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TABLE III 


COMPARING THE DEVELOPMENT OF B. iowensis AT VARIOUS CONSTANT 
TEMPERATURES, WHEN FED ON SUCCULENT CORN SEEDLINGS. 
TIME IN Days. 


NYMPHAL STADIA 


EGG TO 


Ist | 2nd | 3rd | 4th | 5th |Total| “DUET 


| 
34.5° C, 


6 
10 


J 4 
(10 bugs) : 7.9 











2 
(6 bugs) 





o 


o ‘ 
(25 bugs) 






































g 
(4 bugs) 
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Under conditions which prevailed in a screened insectary in May and 
June the incubation period varied between 15 and 26 days and averaged 
22.4 days. In constant temperature boxes the incubation period 
averaged 12.5 days at 31.5° C. and 14 days at 29.5° C. (Tables II 
and III). 

The length of the various nymphal stadia were greatly influenced by 
prevailing temperatures but at constant temperatures the duration of 
each stadium bore a rather definite relationship to the length of the 


TABLE IV 


COMPARING THE DEVELOPMENT OF B. iowensis NYMPHS WHEN REARED ON 
DIFFERENT Foop PLANts AT 31.5° C. 





| 
NYMPHAL STaADIA—Days 


as NUMBER 
Foop PLANT REARED 
lst | 2nd | 3rd | 4th | 5th | Total 
Little blue stem......... 10 10 7.6| 7.1 10.9 | 12.8 | 48.3 
Succulent corn....... 46 10 7.7| 7.9) 9.0] 11.2 | 45.7 


other stadia. In general the first stadium was moderately long, the 
second and third were the shortest and of about equal length, and the 
fourth and fifth were successively longer (Tables II and III). 

Males tended to reach the adult stage slightly before the females but 
due to the heterogeneity of the data this apparent difference cannot 
stand the test for significance. 

The data presented in Table IV seem to show that nymphs thrive 
equally well on corn and little blue stem but this is at least in part 


TABLE V 


COMPARING THE DEVELOPMENT OF B. iowensis AND B. leucopterus NYMPHS REARED 
AT CONSTANT TEMPERATURES. TIME IN Days 








TEMPERATURE IN DEGREES CENTIGRADE 





SPECIES | 
| 24.5 | 29.5 31.5 | 34.5 
_ |- OE SS. a 
B. leucopterus | 4.0 | 2.2 | 196 | 18.5 
B, towensis.. 74.8 53.7 45.7 45.0 


misleading. Nymphs fed upon these plants reach maturity about the 
same time but mortality is much higher when nymphs are reared on 
corn. This is particularly true of first instar nymphs. 

Nymphs of Blissus leucopterus reared on corn in the same temper- 
ature cabinets with the B. iowensis nymphs reached maturity in a little 
less than one-half the time required by the latter species (Table V). This 
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undoubtedly accounts for the fact that iowensis has but one generation 
whereas leucopterus has two generations each year. 

Adults emerging in late August and September pass the winter in 
clumps of little blue stem and do not mate and lay eggs until the fol- 
lowing spring. All attempts to induce oviposition in the fall by holding 
pairs on little blue stem and corn in constant temperature boxes failed. 
Most of the overwintering adults disappear by July first. The length of 
adult life, therefore, varies between 8 and 10 months. 


NATURAL CONTROL 


The rareness of this species indicates rather conclusively that some 
biotic conditions are restraining its multiplication and spread. Winter 
mortality averaged 39.0 per cent in 1935-36 and 66.6 per cent in 1936-37, 
but for the most part the importance of other factors of natural control 
are unknown. Undoubtedly some of the parasites, predators, and dis- 
eases of the chinch bug, B. leucopterus, also attack B. iowensis. 


DISCUSSION 

Since Blissus iowensis feeds largely upon a wild grass, 
Andropogon scoparius Michx., which is no longer abundant or of 
great economic value, the species is not likely to assume a 
position of economic importance. Even if iowensis were to 
change its food preference it is doubtful if it could rise very far. 
The single generation each year and the low fecundity of the 
females give this species a low biotic potential. Also the fact 
that the adults are for the most part incapable of flight will tend 
to limit the dissemination of the species and reduce its ability 
to escape danger and migrate to new feeding and breeding 
grounds when the necessity arises. The fact that the nymphal 
stage extends from May or June to August or September would 
also tend to prevent migration from small grain crops to corn 
and other late summer grasses at harvest time. 
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Blissus iowensis Andre 


Macropterous form and Micropterous form. 
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Blissus iowensis PLATE II 
Decker and Andre 


Blissus iowensis Andre 
a. Egg, egg shell and anterior end of egg. b-f. Instars 1-5. 
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DESCRIPTIONS OF FOUR NEW WASPS 
(Hymenoptera: Sapygidae, Sphecidae) 


Kar V. KROMBEIN, 


22 Meadow View Place, 
Buffalo, New York 


During a recent visit to the United States National Museum 
and the Academy of Natural Sciences of Philadelphia I had 
an opportunity to compare some specimens from my collection 
with the types deposited in those museums and find that the 
following species are indubitably new. The types of these 
species are retained in my collection for the present. 


Family Sapygidae 


Sapyga louisi sp. nov. 


Female.—7.8 mm. long. Black: spot on front above clypeus, line 
along inner orbits of compound eyes from the base of the mandibles 
almost to the top of the eyes, narrow band slightly interrupted medianly 
on the anterior margin of the pronotal disk, a small spot each side of the 
pronotal disk near the tegula, a small spot on each antero-lateral corner 
of the scutellum, a transverse band on the post-scutellum, a large spot 
on each side of the propodeum at the junction of the posterior and 
lateral surfaces, a large spot on the mesopleura below the tegula, a wide 
band on the second tergite emarginate medianly on the anterior and 
posterior margins, lateral spots on tergites three to five broadest lat- 
erally and quite attenuate medianly, those of the third and fourth 
narrowly separated, those of the fifth widely separated, small lateral 
spots on sternites two to four, those on the second the largest and of the 
fourth the smallest, a narrow line on all tibiae externally, bright yellow; 
tibiae, except for the yellow lines, ferruginous; tarsi fuscous; wings sub- 
hyaline, infumated in the region of the marginal cell in the forewing, 
stigma and nervures fuscous. 

Head opaque with coarse almost confluent punctures, those of the 
vertex slightly more separated; disk of clypeus with its greatest width 
almost one-half again as great as its greatest length; antennal scrobes 
carinate above; ocelli in a low triangle, the ocellocular distance a little 
greater than the postocellar distance, which in turn is about twice as 
great as the interocellar distance; antennae subclavate apically. 

Thorax opaque, coarsely and confluently punctured; propodeum less 
coarsely and closely punctured. 

Abdomen subopaque; first tergite shining with scattered larger 
punctures; remaining segments finely and closely punctured. 

Male.—6.0 mm. long. Differs from the female as follows: yellow 
markings very much reduced in extent; the line along the inner orbits of 
the compound eyes is present only in and slightly above the emargina- 
tion, lateral marks on postero-lateral corners of pronotum, scutellum 
and sternites three and four absent. 
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Type.— 2; Niagara Falls, New York, July 20, 1935, (K. V. 
Krombein; on Melilotus alba). 

Allotype—o&%, Niagara Falls, New York, July 20, 1935, 
(K. V. Krombein; on Daucus carota). 

The association of sexes is purely through circumstantial 
evidence since they were taken within several hundred feet of 
each other. However, the small size and similar markings 
and puncturation also indicate that they are sexes of the same 
species. 

Sapyga louist sp. nov. is named in honor of my father, 
Dr. Louis H. Krombein, who introduced me to the fascinating 
world of insects at a very tender age. 

The small size and reduced markings readily separate this 
species from other Northeastern Sapyga. 


Family Sphecidae 


Tachysphex tarsatus subsp. pechumani subsp. nov. 
Female.—10.7 mm. long. Black: mandibles medianly, antennal 
segments five to twelve, tegulae apically, first three abdominal segments 
and apical joints of tarsi, light ferruginous. 
Otherwise as in typical 7. tarsatus (Say). 
Male.—Unknown. 


Type.— 2, Manahawkin, New Jersey, June 21, 1935, (L. L. 
Pechuman). 

The subspecies is named in honor of its collector, L. L. 
Pechuman, Department of Entomology, Cornell University. 
It differs from typical farsatus (Say) in the light ferruginous 
antennal segments and apical tarsal joints. 


Plenoculus gillaspyi sp. nov. 


Female.—4.7 mm. long. Black: mandibles apically and tegulae 
apically, dark red; wings hyaline, stigma fuscous, nervures testaceous. 

Head opaque, very closely and minutely punctured and with numer- 
ous appressed silvery hairs which are particularly noticeable on the 
clypeus and front laterad of the antennae; clypeus very narrow, emar- 
ginate medianly on the apical margin and without lateral teeth; distance 
between the inner margins of the antennal sockets equal to the distance 
between the inner margin of the compound eye and outer margin of the 
antennal socket; compound eyes distinctly converging above, the dis- 
tance between them at the base of the mandibles being twice as great as 
the distance between them at the posterior ocelli; ocelli in a low triangle, 
the postocellar distance being twice the lateral ocellar distance and 
slightly greater than the ocellocular distance. 

Thorax opaque, finely and closely punctured and sparsely clothed 
with silvery appressed hairs which are most conspicuous on the meso- 
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pleura; propodeum shagreened, the dorsal surface at the base with a few 
exceedingly short radiating carinae and a few transverse carinae apically 
across the median depression, the posterior surface with a median 
depression and some transverse carinae. 

Abdomen subshining, finely and moderately closely punctured with 
scattered short silvery appressed hairs on the tergites and a transverse 
row of upright bristles at the apices of sternites two to five; pygidium 
shagreened with a few scattered larger punctures, triangular, its width 
at the base of the carinae equal to the length. 


Male.—Unknown. 


Type.— 2, Round River, Williamson Co., Texas, Oct. 10, 
1935, (J. E. Gillaspy, on Baccharis salicina). 


P. gillaspyi sp. nov. is named in honor of its collector, 
James E. Gillaspy, Department of Entomology, Texas A. and M. 
College. It is separated from all other known Nearctic Pleno- 
culi by the lack of teeth on each side of the emargination of the 
medio-apical margin of the clypeus. 

I have examined the types of P. niger Ashmead (Psyche, 8: 
339, 1899), P. peckhami Ashmead (Psyche, 8: 130, 1897) in 
the U. S. National Museum and of P. foxii Viereck (Ent. 
News, 13: 73-4, 1902) in the Academy of Natural Sciences of 
Philadelphia and find that they belong in the genus Solierella 
Spinola. The type of P. punctatus Ashmead (Psyche, 8: 
338-9, 1899) was also examined in the National Museum and 
it belongs in the genus Nysson Latreille and is probably closely 
related to N. rusticus Cresson. 


Crabro (Crabro) juniatae sp. nov. 


Female.—7.5 mm. long. Black: small spot at base of mandibles, 
scape beneath except for a spot near the apex, a pair of elongate trans- 
verse spots laterally on tergites one to four, those on the first the small- 
est, those on the second the broadest, fore and middle tibiae externally 
and hind tibia internally and a spot at the base externally, and first 
joint of all tarsi, bright yellow; remaining tarsal joints yellowish- 
ferruginous; wings hyaline, the forewing somewhat infumated apically, 
stigma and nervures testaceous. 

Head shining, the clypeus with abundant appressed silvery hair, 
front and vertex with abundant erect cinereous hair, the genae with 
sub-erect silvery hair; clypeus longitudinally slightly tectiform, the 
median third of the apical margin roundly produced and emarginate 
medianly; greatest length of clypeus .95 mm., width at antennal inser- 
tions .45 mm., greatest width (base of mandibles) 1.43 mm.; front and 
vertex shagreened and with large sparse punctures; ocelli in a low tri- 
angle, lateral ocellar distance .18 mm., postocellar distance .36 mm., 
ocellocular distance .32 mm.; scape of antennae .72 mm. long; first joint 
of flagellum only two-thirds as long as the two following joints combined. 
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Thorax shining, covered with erect silvery hairs which are most 
noticeable on the mesosternum; pronotum produced into a weak tooth 
laterally, and without a transverse ridge; mesonotum with sparse 
moderate punctures; scutellum more sparsely punctured; postscutellum 
rather closely punctured and with a few weak longitudinal carinae; 
dorsal surface of propodeum moderately irregularly rugose, the central 
channel broadest basally and quite narrow at the apex where it is cut off 
from the channel of the posterior face by a ridge; posterior face delim- 
ited by lateral and dorsal carinae and with some weak transverse rugae 
on either side of the central channel which is broadest basally; meso- 
pleura sparsely punctured, the omaulus slightly curved and deeply 
foveolate, the region before the omaulus with a few longitudinal carinae 
on its most dorsal portion; metapleura with a few oblique carinae; lat- 
eral surface of propodeum with a few scattered oblique carinae. 

Abdomen subshining, tergites one and two sparsely and minutely 
punctured, the third and fourth more closely but also minutely punc- 
tured, the fifth more closely and coarsely than the preceding; pygidium 
very coarsely punctured with numerous short appressed bristles, its 
length only about a third greater than its basal width; sternites shining, 
with scattered appressed hairs and an apical fringe of fine erect bristles 
on the second to fifth segments. 

Male.—Unknown. 


Type-— 9°, Huntingdon, Pennsylvania, June 2, 1934, 
(Juniata College). 


Crabro juniatae sp. nov. seems to be most closely related 
to C. aequalis Fox. I have compared it with the types of 
aequalis and discretus Fox and find that the three species may 
be separated as follows: 


Space between compound eyes at base of clypeus not as great as the greatest 
length of the latter; mesonotum shining, finely and closely punctured; 
clypeus, pronotum and tubercles, scutellum, postscutellum and apices of all 
femora marked with yellow; first joint of flagellum about as long as the 
two following united; pronotum strongly dentate laterally; propodeal rugae 
much stronger aequalis Fox 

Space between compound eyes at base of clypeus not as great as the greatest 
length of the latter; mesonotum shining, finely and closely punctured; 
clypeus, thorax and apices of all femora black; first joint of flagellum only 
two-thirds as long as the two following united; pronotum weakly dentate 
laterally; propodeal rugae weaker ....juniatae sp. nov. 


Space between compound eyes at base of clypeus as great as the greatest length 
of the latter; mesonotum opaque, strongly and closely punctured; clypeus, 
pronotum and tubercles, scutellum and tips of anterior and middle femora 
marked with yellow; first joint of flagellum as long as the two following 
united; pronotum strongly dentate laterally; propodeal rugae weaker, 
discretus Fox 





NEW SPECIES OF APHIDS WITH NOTES ON 
DESCRIBED FORMS 


L. G. StRom, 
604 A South 28th St., Milwaukee, Wisconsin 


Cerosipha araliae-radicis n. sp. 


Alate viviparous female.—Average length of body from vertex to tip 
of anal plate 1.11 mm. Head black; antennal tubercles absent. Vertex 
nearly flat. Width of head through the compound eyes .34 mm. Eyes 
dark with ocular tubercles. Antennae of five segments; longer than 
one-half the length of the body; black in color; definitely imbricated. 
Length of antennal segments as follows: I, .06 to .07 mm.; II, .05 to .06 
mm.,; III, .29 to .31 mm.; IV, .09 to .10 mm.; V, .08 mm. plus .35 to .42 
mm. Third antennal segment with 8 to 11 circular sensoria arranged in 
a nearly straight row and distributed nearly the entire length of the 
segment. Rostrum obtuse, reaching slightly beyond meta-thoracic pair 
of coxae. 





Fig. 1. Cerosipha araliae-radicis n. sp. Alate, A-D.; Apterae, E. 


Thorax black. Prothorax yellowish with well developed lateral 
tubercles. Stigma and veins black. Fore wings with the radial sector 
absent ;! media twice branched but occasionally only once branched. 
Second fork always closer to margin of wing than to first fork. Hind 
wing with media and cubitus present. Femora dusky brown; tibiae 
yellowish with basal tip blackish; tarsi black. 

Abdomen yellowish green; segments posterior of cornicles with 
darker transverse dorsal patches. First and seventh abdominal seg- 
ments with well developed lateral tubercles. Cornicles black, imbri- 
cated. Length of cornicles .16 to .17 mm. Cauda and anal plate black. 
Cauda broadly conical and bearing three hairs on each side. Hairs 


1This condition was found to be present in 92 of the 104 wings examined. In 
no case was the radial sector found to be wholly developed. 
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strongly pointed inward. Cauda .07 mm. in length. Anal plate broadly 
rounded, with numerous hairs. 

A pterous viviparous female.—Prevailing color light brown. Average 
length of body from vertex to tip of anal plate 1.60 mm. Head light 
brown. Width of head through the compound eyes .35 mm. Vertex 
slightly rounded. Eyes with ocular tubercles. Antennae five segmented; 
about half the length of the body; light brown in color except unguis 
which is slightly darker. Length of antennal segments as follows: I, .07 
to .08 mm.; II, .06 to .07 mm.; III, .31 to .83 mm.; IV, .11 to .12 mm.; 
V, .07 to .08 mm. plus .86 mm. Secondary sensoria confined to the third 
antennal segment, 0 to 5 in number; these sensoria are very small and 
are situated, when present, on the apical one-third of the segment. 
Rostrum obtuse and light brown in color with the tip black. The ros- 
trum reaches slightly beyond the meta-thoracic pair of coxae. 

Thorax and abdomen light brown in color, occasionally with a tinge 
of yellow. The prothorax with well developed lateral tubercles; similar 
tubercles also present on first and seventh abdominal segments. Legs 
concolorous with body, except tarsi which are dusky. Cornicles a darker 
shade of brown than body; imbricated. Length .14 to .16 mm. Cauda 
dark brown, broadly conical, with three hairs on each side. Length 
.07 mm. Anal plate concolorous with cauda; armed with numerous 
curved hairs. 

A pterous oviparous female.—Prevailing color of body light brown. 
Average length of body from vertex to tip of anal plate 1.80 mm. Head 
light brown. Width of head through the compound eyes .34 to .35 mm. 
Vertex slightly convex. Eyes black; with ocular tubercles. Antennae 
five segmented; about half as long as body. Secondary sensoria absent. 
Length of antennal segments: I, .06 to .07 mm.; II, .04 to .05 mm.; 
III, .20 to .22 mm.; IV, .08 to .09 mm.; V, .085 mm. plus .30 to .81 mm. 

Thorax and abdomen light brown. Prothorax and first and seventh 
abdominal segments with well developed lateral tubercles. Legs light 
brown; tarsi dusky. Hind tibiae not swollen and without evident 
sensoria. Cornicles dark brown; similar to apterous viviparous form. 
Length .14 mm. Cauda and anal plate dark brown and similar to those 
of apterous viviparous form. Cauda .07 mm. in length. 


Host Plant and Feeding Habits —This small aphid feeds on 
the roots of Aralia nudicaulis. Occasionally small colonies 
are found feeding on the stems an inch or two above the surface 
of ground. In at least two cases, colonies were found attended 
by small black ants. 

Type Locality.—\'ilwaukee, Wisconsin (Menomonee River 
Valley). Holotype alate viviparous female and morphotype 
apterous viviparous female collected on July 2, 1935. On 
slides with paratypic specimens. Morphotype apterous oviparous 
female collected on October 1, 1935, same locality as holotype. 
Paratypes taken on the following dates in same locality as types: 
Sept. 19, 25, 1984; June 11, 27, July 2, 3, 5, 1935. 





1938] Strom: New Aphids 473 


Types deposited in the U. S. National Museum. Paratypes 
in writer’s collection. 

Taxonomy.—Aside from its generic affinities with Cerosipha 
as a whole, this new species has little relationship with Cerosipha 
rubifolit (Thomas), the only other species of this genus known 
to occur in North America. The absence of a radial sector, the 
five segmented antennae and the subterranean habits of this 
new species could perhaps be considered a basis for the establish- 
ment of a new genus. 


Aphis fraternus n. sp. 


Alate viviparous female.—Average length of body from vertex to tip 
of anal plate 1.10 mm. Head black. Vertex rounded. Width of head 
through the compound eyes .35 mm. Eyes black; ocular tubercles pres- 


A 


B 
E 





cW oL_y 


Fig. 2. Aphis fraternus n. sp. Alate, A, D, E; Apterae, B. C. 


ent. Antennae of six segments; light in color except five and six which 
are black. Third segment with 3 secondary sensoria situated in a row. 
Sensoria located on distal half of segment. Average length of antennal 
segments: III, .14 mm.; IV, .07 mm.; V, .08 mm.; VI, .07 mm. plus 
.065 mm. Rostrum obtuse, reaching meta-thoracic pair of coxae. 

Thorax black. Stigma dusky. Veins of fore wings blackish, some- 
what heavy. Accessory radial thickening present. Second fork of 
media closer to margin of wing than to first fork. Hind wing with media 
and cubitus present. Legs slightly dusky yellow throughout; tarsi black. 

Abdomen light green, without lateral tubercles. Cornicles dusky at 
tip, remainder greenish yellow. Cornicles with a distinct constriction 
before well developed flange giving the cornicles a swollen appearance. 
Cornicles .12 mm. in length. Cauda and anal plate dusky yellow. 
Cauda conical and bearing two hairs on each side. Length of cauda 
.10mm. Anal plate rounded and bearing short hairs. 

A pterous viviparous female.—Average length of body from vertex to 
tip of anal plate 1.20 mm. Head, thorax, and abdomen light green in 
color. Vertex rounded. Width of head through the compound eyes .38 
mm. Antennae concolorous with head except segments five and six 
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which are dusky. Secondary sensoria absent. Average length of 
antennal segments: III, .125 mm.; IV, .085 mm.; V, .08 mm.; VI, .065 
mm. plus .061 mm. Legs greenish; tarsi dusky. Cauda and anal plate 
dusky. Length of cauda .10 mm.; bearing two lateral hairs on each side 
and one dorsal hair near tip. Cornicles greenish with tip dusky; in 
structure the same as alate. Length of cornicles .11 mm. 


Host Plant and Feeding Habits—This new species was 
found mixed with specimens of Chaitophorus viminalis Monell, 
feeding on the tender twigs and leaves of Salix sp. 

Type Locality.—Chicago, Illinois, Northeast of Lake Calu- 
met. Collections made June 22, and July 7, 1936. 

Holotype alate viviparous female and morphotype apterous 
viviparous female on same slide, along with paratypic specimens, 
and specimens of Chaitophorus viminalis Monell, collected on 
July 7, 1936. Types deposited in the collection of the Illinois 
Natural History Survey, Urbana, Illinois. Paratypes in writer’s 
collection. 

Taxonomy.—This new species keys out to Aphis zilora 
H. & F. in their key to Illinois aphids.2 It differs from this 
species in absence of lateral tubercles, cornicles with well 
developed flange, and possessing fewer hairs on the cauda. 


Calaphis alni Baker 


This species has never been recorded outside of Washington, 
D. C. The writer made a single collection of apterous and 
alate viviparous females at South Milwaukee, Wisconsin (Grant 
Park), on August 28, 1933. They were feeding on Alnus incana. 


Pergandeidia trirhodus (Walker) 


Only once has this species been recorded as occurring in 
North America, by Patch (1928). At times this species is 
found in great numbers in the Milwaukee region. It has been 
found on the following hosts: Rosa, Thalictrum, and Aquilegia. 


Aspidaphis adjuvans (Walker) 
Gillette, Can. Ent., Vol. 49, p. 196. 1917. Aspidaphis polygoni. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 25, p. 457. 1932. (Synonomy). 
This species has been recorded from North America only 
from Colorado. A few alate viviparous females of this species 


*Hottes, F. C. and T. H. Frison, 1931. The plant lice, or Aphiidae, of Illinois. 
Bull. Ill. State Nat. Hist. Survey, 19 (3): 121-447; 336 figs. 

3’Patch, E. M., 1928. Jn A list of the insects of New York. Cornell Univ. 
Memoir 101, Aug., 1926. Published Jan., 1928. 
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were received from H. E. McClure, Iowa State College, who 
collected them by sweeping with net at Horse Cave, Kentucky. 
Gillette gives Polygonum avicular as the host. 


Trama rara Mordvilko 


Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 23, p. 547. 1930. Trama oculata. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 24, p. 881. 1931. (Synonomy). 


Like the above species, this species has been recorded as 
occurring in North America only from Colorado. The writer 
has collected this species on numerous occasions in Wisconsin, 
at Manitowoc and Milwaukee. It is found on the roots 
Taraxacum officinale and sp. Occasionally colonies of A phis 
knowltoni H. & F. are found mixed with this species. 

The following species have been received by the writer 
from H. E. McClure: A phis monardae Oestlund, on Myosotis sp. 
and Capitophorus minor (Forbes), both collected at Churchill, 
Manitoba. Though Aphis monardae is known to occur only 
on species of Monarda, the Churchill forms are structurally 
indistinguishable from A. monardae and are so considered. 


A CLASSIFICATION OF THE LARVAE AND PUPARIA OF THE 
SYRPHIDAE OF ILLINOIS EXCLUSIVE OF AQUATIC FORMS, 
by ExizaBetH M. Hetss (Mrs. A. P. Arnason). Pages 1-142, pls. I-XVII. 
ILLINOIS BioLoGicAL MonoGrapus, vol. XVI, No. 4 (Univ. Ill. Bull., vol. 
XXXVI, No. 1, Aug. 30, 1938). Paper bound, price $1.50 from UNIVERSITY 
or ILLINoIs Press, Urbana, II. 


The fact that this work rates publication as an Illinois Biological Mono- 
graph indicates its size and high quality. In it are descriptions of the larvae and 
puparia of twenty-eight genera of the family Syrphidae. The work is based on 
a thorough review of the literature, on critical help from the various specialists 
in this group and on the collections at the University of Illinois. According to 
the introduction the important one of these is the University of Illinois collection 
of immature syrphids. We infer this is a combination of Professor Metcalf’s 
personal collection and syrphids from the extensive collection of immature forms 
planned and started by McGillivray and in later years built up by Professor Hayes 
and students. 

The subject matter is handled under the following heads: Historical Account; 
Family Characteristics of Egg, Larva and Puparium; Evidence of Generic Rela- 
tionships Afforded by the Larvae; Parasites; Larvae Resembling Syrphidae; 
Taxonomy, Glossary, Key to Known Genera; Descriptions and Keys to Species 
(pp. 27-98); Appendix; List of Known Parasites; Bibliography (pp. 101-104). 

One item of the work puzzles us, the term ‘“‘pupariation.’’ Apparently it is a 
local term as we cannot find it in our latest glossary of entomological terms. 
Will we have to come to a term ‘‘cocoonation’’ for this phase of insect life in those 
forms which pupate within a cocoon, and then what for those nudists which are 
immodest enough to pupate unclothed? 

The seventeen plates of larval and puparial structures are beautifully executed 
but the artist is not mentioned. We infer it is the modest author. This will 
be a useful manual on immature Syrphidae.—C. H. K. 





THE GENUS ACINOPTERUS 
(Homoptera, Cicadellidae) 


R. H. BEAMER AND PAut B. LAwson, 


Department of Entomology, University of Kansas, 
Lawrence, Kansas 


The genus Acinopterus was described by Van Duzee in 
1892 (Psyche, p. 307), with Acinopterus acuminatus Van D. 
as the haplotype. Up to the present time 29 species and 
varieties have been named. The present paper is a result 
of a study of the quite large collections of this genus in the 
Snow Entomological Collection of the University of Kansas, 
the United States National Museum, and the private collection 
of Dr. E. D. Ball. After a study of all this material and all 
the types of the various species concerned, 12 are here recognized 
as valid, 17 are placed in synonymy, and 9 are described as new. 

So many species are here thrown into synonomy because in 
previous papers too much attention was paid to minor varia- 
tions in size, color, and shape of vertex, and also because species 
were described with insufficient material for study. The larger 
collections which are now available indicate that this is probably 
a genus in which at the present time there is occurring an 
active differentiation of species, resulting in a great variability 
of structure and color which are not found in genera which 
have reached greater stability. There even seems to be more 
than the usual variation within the species in the male internal 
genitalia. However, it may be that upon a thorough study 
of the host plants, the present interpretation may need to be 
modified. 


KEY TO SPECIES OF ACINOPTERUS 


Apex of tegmen acute; mesal margin straight to tip 
Apex of tegmen rounded; mesal margin rounding at tip 
(1) Usually pale green in color, sometimes pallid or stramineous........... 3 
Usually buff to quite dark brown in color 
(2) Vertex bright pink in color 
Vertex not pink 
(3) General color pea green with tips dark productus 
General color light-green or gray; tips not contrastingly darker, veins 
often bordered with fuscous 
(2) Last ventral segment of female roundingly produced 
Last ventral segment of female not roundingly produced angulatus 
(5) Female last ventral segment very long, with lateral margins deeply 
excavated excavatus 
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7. (6) With dark, elongate spot on vertex near eye...............4.. pulchellus 
I GRE RG ona ue wise one Wen et ahew ad che nk oh ae 8 
8. (7) Dark frontal arc visible from above...................000 000 fuscifrons 
Dark frontal arc not visible from above. ................-.sceeeeceee 9 
9. (8) Males usually less than 6 mm. in length................. Ai neepews 10 
Males usually more than 6 mm. in length...................0 eee eee 11 


10. (9) Head and pronotum often greenish, elytra brown, very narrow at 
apex and sharp pointed; vertex but slightly longer at middle than 


next eyes (North America east of Rocky Mts.)............. acuminatus 
Usually evenly colored, often quite pale; elytra usually with apices 
quite sectanmuies Ge Wai Gi iy Beles. cscs teuuerscsk secncdcut inornatus 


11. (9) Head small, much narrower than pronotum; vertex very short, about 
2.5 times as wide between eyes as median length; usually very dark 


brown in color; aedeagus as in Pl. I, Fig. 9 (Mexico)........... plenus 

Head but slightly narrower than pronotum; vertex much longer in 
COMPIIIINE, OS WHEE soo. 5 od vin sabre Jexcgericcsestecuneeeuuaesenus 12 

12. (11) Vertex quite angular, almost as sharp as in A. inornatus; aedeagus 
GUT Fe Es as io on nk cacuedeiensne camdbese abiedaue taaee corniger 

Vertex more inflated, not nearly so long at middle; aedeagus not as 
BOGS a voice diWcchiesageused even euke wadeds cas eee 13 

13. (12) Vertex ratio 7-3; color usually not so dark, with a yellowish green 
Ces GHEE 68 TE Fie 3, Pe. Bhi ve ce cecsa ee tancceeslcene rostratus 

Vertex ratio 7-2.75; color usually very dark reddish brown; aedeagus 
ie ee Pe Os ob sk ve ewe Nedeinicecueweseuaeabaae uel pennatus 
14. (1) Color usually green; if general color dark, at least veins green.......... 15 
ee CRONE WE TE ON ion bc ss ctesbhvs ss wcltde Koaauuewekyeaaeuateme 17 
15. (14) Elytra on outer half reticulate veined..................0008- reticulatus 
Elytra on outer half not reticulate veined. ................. cece eens 16 

16. (15) Vertex large, inflated; veins of elytra usually bordered with fuscous; 
Ge | ere ee ee er obtutus 

Vertex not so inflated; if color is green, veins usually not bordered 
with fuscous; aedeagus as in Pl. II, Fig. 16.................... viridis 

17. (14) Small, slender species, usually not over 5 mm. in length, aedeagus as 
SE Oe UE BEE caso cu tuccceiue terns acne Bawa cma abe Reaad rileyi 
Species usually not less than 6 mm. in length....................0065 18 
18. (17) Large reddish brown species, usually about 7 mm. long............... 19 
Usually smaller species 6 mm. or less, often much lighter in color...... 20 

19. (18) Head almost as wide as pronotum; length of vertex at middle almost 
twice length at eye; aedeagus as in Pl. II, Fig. 18.............. rubrus 


Head decidedly narrower than pronotum; length of vertex at middle 

about one-half longer than next eye; aedeagus as in Pl. II, Fig. 19, 
molestus 

20. (18) Color pallid or stramineous; vertex almost same length at middle as 
next eye; aedeagus as in Pl. II, Fig. 20.................... brunneus 

Color darker; vertex much longer at middle than next eye; aedeagus 
OO WER Bie WH iv eS Ac cks caer haere tereedccaceeee quadricornis 


Acinopterus rubicundus n. sp. 


Resembling Acinopterus productus Lawson, but smaller; head and 
usually a portion of pronotum always suffused with bright pink, and 
male aedeagus with a pair of processes dorsad of shaft, as well as a 
ventral pair. Length 4-5 mm. Head almost as wide as pronotum; 
vertex obtusely angled, almost inflated, but slightly longer at middle 
than next eye. Mesal margin of elytra straight almost to apex. 

Color.—General ground color greenish, usually pruinose, with ver- 
tex, face, anterior part of pronotum, legs and parts of genital segment 
pink. Veins bright green. Apices of elytra usually infuscated. 

Genitalia.—Last ventral segment of female about four times as long 
as preceding; posterior margin broadly rounded, with a small median 
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notch. Male valve hidden, plates about as long as preceding segment, 
slightly narrowing to rounded apices; aedeagus like A. inornatus, but 
ventral processes shorter, with apices truncate, and with an additional 
pair of processes, about as long as ventral pair, sharp pointed, dorsad, at 
base of shaft. 


Holotype male, allotype female, and numerous paratypes, 
St. George, Utah, July 28, 1935. Light trap. Types in 
U. S. N. M.; paratypes in Snow Entomological Collection, 
collection of E. D. Ball and E. W. Davis. 


Acinopterus productus Lawson 


Acinopterus productus Lawson, Kans. Univ. Sci. Bul., Vol. XIV, No. 4, p. 122, 
Oct., 1922. 

Acinopterus productus albidus Lawson, Ann. Ent. Soc. Am., Vol. XX, p. 236, 1927. 

Acinopterus productus fuluus Lawson, Ann. Ent. Soc. Am., Vol. XX, p. 236, 1927. 

Acinopterus doeringae Lawson, Ann. Ent. Soc. Am., p. 235, 1927. 


This species is very close to Acinopterus inornatus Baker. Usually 
it can be separated by the pale green coloring, the more inflated, less 
angular vertex with a transverse furrow, and the infuscated apices of 
the elytra. The aedeagus differs from that of Acinopterus inornatus in 


that the ventral processes are usually shorter with truncated apices; 
the shaft is more slender and the base is not so deeply excavated. 


It is possible that the species should be just a variety of 
Acinopterus tnornatus, as specimens have been found which 
seem to be intergrades, but as most of the specimens seem 
to be fairly distinct they are so considered for the present. 
Numerous specimens have been examined from southern 
Arizona, including the male type. The above synonomy is 
indicated after a study of the types, along with much additional 
material. 


Acinopterus bakeri Lawson 


Acinopterus bakerit Lawson, Ann. Ent. Soc. Am., p. 238, 1927. 
Acinopterus inflatus Lawson, Ann. Ent. Soc. Am., p. 234, 1927. 


In this species the wings are on the border line between the straight 
and rounded mesal margin, with the majority of wings tending more to 
the straight type. So considered, the dark margins to the veins readily 
separate the species from those in this group. 

Geniialia.—Aedeagus in lateral view with shaft almost straight; 
paired ventral processes, broad with truncate tips, about two-thirds as 
long as shaft, diverging from each other and away from shaft. 


Additional specimens have been examined as follows: nine 
females and seven males, Sheffield, Texas, July 10, 1936, and 
numerous specimens, Baboquivari Mts., Arizona. 
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Acinopterus angulatus Lawson 
Acinopterus angulatus Lawson, Kans. Univ. Sci. Bul., p. 119, 1922. 
Acinopterus spatiosus Lawson, Pan Pacific Ent., p. 136, 1930. 
This species is usually easily separated from the others by the 
truncated last ventral segment of the female and by the peculiar 
aedeagus of the males (PI. I, Fig. 4). 


A very common and widespread species from northern 
California, across the southern United States, through Mexico 
and Central America, into South America, including the West 
Indies. A great variation of from 5 to 7 mm. in size was 
noted in the specimens studied. The above synonomy is 
indicated not only from a study of the genitalia of the types 
of the species, but from hundreds of other specimens from a 
great many localities as well. 


Acinopterus pulchellus Lawson 
Acinopterus pulchellus Lawson, Ann. Ent. Soc. Am., p. 234, 1927. 


This species is usually easily separated by the dark brown elliptical 
marks at the base of the vertex, by the numerous crossveins in the 
clavus, and by the three spots on mesal margin formed by the dark 
bordered veins of the clavus. 

Genitalia.—Female last ventral segment elongate, roundingly pro- 
duced as is usual with most of the species. Aedeagus of the Acinopterus 
productus type, and very close to it. Shaft slightly more slender and 
excavation of basal piece much less. (Pl. I, Fig. 5). 


Numerous specimens have been examined from the following 
places: Tucson and Yarnell, Arizona; Keno Bay, Mexico. 


Acinopterus fuscifrons Lawson 
Acinopterus fuscifrons Lawson, Jour. Kans. Ent. Soc., p. 59, 1931. 


Usually easily separated from all other species by the brown frontal 
arcs being visible from above. 

Genitalia.—Aedeagus with almost no basal piece; shaft slightly bent 
dorsally with paired basal processes very broad, with serrate anterior 
margin. (Pl. I, Fig. 6.) 


Additional specimens have been examined from Brownsville, 
Texas; Tamazunchale, Mexico, and Cuernv. Acap. Rd., Mexico 


Acinopterus acuminatus Van Duzee 
Acinopterus acuminatus Van Duzee, Psyche, p. 308, 1892. 


This is the typical plains species in the genus. It may usually be 
characterized by the very acute dark elytra, often greenish head and 
pronotum, and by the male aedeagus, which resembles that of Acinop- 
terus bakeri but with the processes of shaft shorter. (P1. I, Fig. 7). 


Specimens have been examined from the New England 
states, south into Florida, and west to the Rocky Mountains. 
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Acinopterus inornatus (Baker) 
Phlepsius inornatus Baker, Psyche, VII, Suppl. i, p. 13, 1895. 
Acinopterus aridellus Osborn, Pan Pacific Ent., p. 22, 1925. 
Acinopterus arizonanus Lawson, Ann. Ent. Soc. Am., p. 233, 1927. 
Acinopterus pruinosus Lawson, Ann. Ent. Soc. Am., p. 234, 1927. 
Acinopterus balli Lawson, Ann. Ent. Soc. Am., p. 236, 1927. 
Acinopterus catalinanus Lawson, Ann. Ent. Soc. Am., p. 237, 1927. 
Acinopterus parvulus Lawson, Ann. Ent. Soc. Am., p. 237, 1927. 
Acinopterus lactus Lawson, Ann. Ent. Soc. Am., p. 233, 1927. 

This is the commonest species in the southwestern United States. 
The color may vary from quite pallid or light green to quite dark brown 
or reddish. It may usually be recognized by its narrow head with the 
sharply angled vertex, in comparison to the width of the pronotum, by 
its appearance of being widest back of the pronotum, and by the 
aedeagus as in Pl. I, Fig. 8. (Note thick shaft in lateral view and long, 
narrow posterior process of body, also deep excavation between anterior 
and posterior processes). 


After studying a long series of specimens, it seems desirable 
to change our concept of this species, hence the above synonomy. 
So many species were named because of too much attention 
paid to the great variations in color and size, which further 
collections have shown may exist within the species. 

Types of all the above species were at hand for study as 
well as numerous specimens from Arizona, and a few from 
California and Utah. 


Acinopterus plenus n. sp. 

Resembling Acinopterus fuscifrons Lawson, but frontal arcs scarcely 
visible from above, head much narrower than pronotum, vertex more 
rounded, transverse furrow deeper, and aedeagus in lateral view with 
very broad shaft and more or less smooth edged processes. Length 
6.5-7 mm. 

Head much narrower than pronotum; vertex barely longer at middle 
than next eye; transverse furrow quite definite, especially in female; 
elytra with very sharp apex, mesal margin straight. 

Color.—In general quite dark, head and pronotum somewhat lighter; 
veins much lighter margined with fuscous. 


Genitalia.—Female last ventral segment roundingly produced with 
a small median notch typical of most of the species. Male aedeagus in 
ventral view with narrow shaft; ventral processes about two-thirds as 
long as shaft, broad, slightly tapered toward apex, curving away from 
shaft and extending parallel with it for two-thirds their length; in 
lateral view shaft is very broad with a rather sharp, dorsal bend near 
outer third; processes rather inconspicuous with two ventral teeth; 
body rather small, posterior process slightly more slender than anterior, 
very slightly excavated between the processes. (P1. I, Fig. 9). 


Holotype male, allotype female, Cuernavaca, Mexico, Novem- 
ber 24, 1932. In collection of E. D. Ball. 
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Acinopterus corniger n. sp. 


Resembling Acinopterus plenus, but head only slightly narrower 
than pronotum, vertex distinctly angled, decidedly longer at middle 
than next eye, transverse furrow not evident, and aedeagus as in 
Pl. I, Fig. 10. Length, male 7 mm. 

Head but slightly narrower than pronotum; vertex slightly more 
than a right angle, about one-third longer at middle than next eye. 
Elytra with mesal margin inclined to the rounded group; apex slender. 

Color.—Vertex and pronotum buff with a tinge of red; elytra with 
veins lighter, with cells much darker. 

Genitalia.—Male aedeagus large; in ventral view with a pair of outer 
processes long and slender, sharply bent in at tip and a pair of broad, 
bifurcate, contiguous inner ones which practically hide the shaft; in 
lateral view shaft broad near base, outer half very slender, forming a 
shallow S curve; body very long and wide, posterior process shorter and 
narrower than anterior, excavation between processes shallow. 


Holotype male, and one paratype male, Lebec, California, 
June 29, 1934, E. D. Ball. In the collection of E. D. Ball. 


Acinopterus rostratus n. sp. 


Resembling Acinopterus corniger, but vertex distinctly more inflated, 
color usually lighter with a greenish yellow tinge and aedeagus as in 
Pl. I, Fig. 11. Length 7 mm. 

Vertex slightly narrower than pronotum, quite evenly rounded, a 
little longer at middle than next eyes; elytra wide at base with practically 
straight mesal margin, the female inclined to round slightly. 

Color.—Buff tinged with yellowish green in some specimens, occa- 
sionally veins margined with fuscous. 

Genitalia.—Female last ventral segment roundingly produced, as is 
typical of the genus. Aedeagus complex; in ventral view with outer pair 
of processes heavy at base, extending at right angles to shaft for one- 
fourth their length, then paralleling it to reach beyond it; and inner pair 
broad and contiguous on basal half, slightly diverging to avicephaliform 
apices; in lateral view shaft of aedeagus heavy at base, quite slender 
and sinuous on outer third; processes as in Pl. I Fig. 11. 


Holotype male, allotype female, and one male and two female 
paratypes, Mt. Diablo, California, August 21, 1935, R. H. 
Beamer. Types in Snow Entomological Collection. 


Acinopterus pennatus n. sp. 


Resembling Acinopterus rostratus, but much darker in color with a 
reddish tinge and an aedeagus as in Pl. II, Fig. 12. Length, 6.5-7 mm. 

Head practically as wide as pronotum; vertex almost inflated, 
obtusely angled, distinctly longer at middle than next eye; elytra long, 
mesal margin straight, apex slightly rounded. 

Color.—General color reddish brown. Head, pronotum and scu- 
tellum very distinctly tinged with bright red; veins of elytra light, 
bordered with fuscous, often whole cells so colored. 
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Genitalia.—Female last ventral segment roundingly produced, as is 
typical for the genus. Aedeagus of male large, in ventral view, with two 
pairs of processes, outer pair wing-like, with sharp apices pointing ven- 
trally, inner pair closer together, broad at base, slightly diverging and 
narrowing to turn out and dorsally near tips; in lateral view shaft long, 
base thick, outer two-thirds narrower and undulating. 


Holotype male, allotype female, 14 male and 6 female para- 
types, Lockwood, California, August 24, 1935, R. H. Beamer. 
Types in Snow Entomological Collection. Paratypes in U. S. 
N. M. and in collection of E. D. Ball. 


Acinopterus excavatus n. sp. 


Resembling Acinopterus pennatus, but last ventral segment of 
female with lateral margins deeply excavated or depressed and aedeagus 
like Pl. II, Fig. 13. Length, 7.5 mm. 

Head almost as wide as pronotum, margins of vertex almost parallel; 
elytra broad, with mesal margin straight to tip. 

Color.—Buff, with head, pronotum, and scutellum tinged with pink 
or red; veins of elytra lighter, often bordered with darker, even some 
cells entirely dark. Some of the type series are almost pallid, with a 
greenish tinge due perhaps to being teneral. 

Genitalia.—Last ventral segment of female many times longer than 
preceding, lateral margins about one-third mesal length, deeply exca- 
vated to rounded apex, with small mesal notch. Aedeagus of male large, 
in ventral view with two pairs of processes more or less parallel with 
shaft, outer pair three-fourths as long as shaft, about one-third longer 
than inner, broad at base, narrowing toward apex, turned out on outer 
third; body of aedeagus in lateral view with posterior process consid- 
erably broader than anterior, slight excavation between them. 


Holotype male, allotype female, 11 male and 8 female para- 
types, Three Rivers, California, June 9, 1935, P. W. Oman. 
Taken on Penstemon breviflorus Lindl. Typesin U.S. N. M. 


Acinopterus reticulatus n. sp. 


Resembling Acinopterus pulchellus but easily separated by the 
densely reticulate elytra especially the apical half. (Pl. III, Fig. 14). 
Length, 5-5.25 mm. 

Head distinctly narrower than pronotum; vertex rounded, distinctly 
longer at middle than next eye; elytra densely reticulate, more so than 
in any known species. 

Color.—Pale green, veins darker green, margined with fuscous. 

Genitalia.—Female last ventral segment roundingly produced, as is 
typical of the genus. Aedeagus resembling that of Acinopterus pulchellus 
quite closely, in ventral view the lateral processes are much shorter and 
in lateral view the shaft is more slender and forms a greater angle with 
the body, the posterior process is much longer and broader in comparison 
to the anterior than it is in Acinopterus pulchellus. (Pl. II, Fig. 14.) 
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Holotype male, allotype female, 14 female and 1 male para- 
types, Keno Bay, Mexico, December 9, 1931, E. D. Ball. Types 
in his collection. 


Acinopterus obtutus Lawson 
Acinopterus obtutus Lawson, Kans. Univ. Sci. Bul., p. 127, 1922. 


This species externally resembles Acinopterus viridis quite closely, 
but the male aedeagus is more like that of Acinopterus productus. The 
vertex is perhaps more rounded, the apices of the claval veins do not 
have so definite a dark spot, and the veins are usually more regularly 
bordered with fuscous. 


Six males and seven females from Tucson, Arizona, col- 
lected by E. D. Ball, have been studied, in addition to two 
paratypes—one in the Snow Entomological Collection and one 
in that of E. D. Ball. Other types were lost in shipment soon 
after the species was named. 


Acinopterus viridis Ball 


Acinopterus acuminatus var. viridis Ball, Can. Ent., XX XV, p. 231, 1903. 
Acinopterus acuminatus var. variegatus Ball, E. D., Can. Ent., p. 231, 1903. 
Acinopterus pallidus Lawson, Kans. Univ. Sci. Bul., p. 124, 1922. 
Acinopterus latus Lawson, Ann. Ent. Soc. Am., p. 237, 1927. 

Acinopterus elongatus Lawson, Ann. Ent. Soc. Am., p. 238, 1927. 


This species with its dark form variegatus is a very common species 
throughout the western states. It usually may be distinguished by its 
green color with fairly blunt head, with or without dark markings along 
the veins but with the mesal margin of elytra not straight to tip and 
apex rounded. 

Genitalia.—The aedeagus of the male in ventral view with two pairs 
of processes, outer and lower pair almost as long as shaft, pointed, inner 
pair about half as long, slightly curved in, sharp-pointed, margins more 
or less serrate; in lateral view shaft slightly curved dorsally, broad at 
base; anterior process of body longer and narrower than posterior, 
slightly excavated between processes. (PI. II, Fig. 16.) 


A cotype female from Delta, Colorado, July 20, 1898, is 
here designated lectoholotype, and a male from Ft. Collins, 
Colorado, June 18, 1902, lectoallotype. In collection of E. D. 
Ball. 

This species is quite variable in color; all gradations from 
green to reddish brown, with or without fuscous spots and 
vein margins, have been observed. 

After careful study of the types and numerous specimens 
from Colorado, New Mexico, Utah, Arizona, Washington, 
Montana, Texas, and California, the above synonomy seems 
justified. 
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Acinopterus rileyi Lawson 
Acinopterus rileyi Lawson, Ann. Ent. Soc. Am., p. 238, 1927. 

This is one of the smallest species, usually less than 5 mm. in length, 
but quite robust. 

Genitalia.—Last ventral segment of female roundingly produced as 
is typical in this genus. Aedeagus of male more like the viridis type, 
but with the processes much broader and with the shaft in lateral view, 
with almost a right-angled bend near outer fourth. (Pl. II, Fig. 17.) 

The female like the male, but larger and more robust. 


One male and three females, White Sands, New Mexico, 
June 30, 1932, R. H. Beamer. One of the above females 
designated allotype. 


Acinopterus rubrus Lawson 
Acinopterus rubrus Lawson, Jr. Kans. Ent. Soc., p. 59, 1931. 
Acinopterus longipennis Lawson, Jr. Kans. Ent. Soc., p. 60, 1931. 

This species is evidently a round winged form, although not so 
definitely as some of the others. It is a large, usually reddish, species, 
with vertex very long and rather sharp; however, it can only be sep- 
arated from Acinopterus brunneus and Acinopterus molestus by the very 
long inner prongs of the aedeagus and the lack of a sharp bend in shaft 
near middle. 

Genitalia.—Male aedeagus large, in ventral view with two pairs of 
large processes, outer pair broad, two-thirds as long as shaft, tips turned 
ventrad; mner pair much more slender, of about same length as outer, 
tips turned dorsad; in lateral view shaft long and slender, evenly curved 
dorsad, body with anterior and posterior processes alike, evenly and 
fairly deeply excavated between them. (PI. II, Fig. 18.) 


A careful study of the type series indicates the above 
synonomy. 


Acinopterus molestus n. sp. 

Resembling Acinopterus brunneus but larger, vertex more angular, 
color darker, and aedeagus as in P]. II, Fig. 19. Length, 7 mm. 

Head almost as wide as pronotum. Vertex decidedly longer at 
middle than next eye, angular. Elytra with mesal margin slightly 
rounded, tip more so. 

Color.—Pallid to reddish brown, veins, lighter cells often dark on 
corium. 

Genitalia.—Last ventral segment produced several times as long as 
preceding segment, lateral margins very slightly excavated—almost 
straight. Aedeagus of male large, in ventral view with two pairs of 
processes, outer pair widely separated from shaft; broad at base, nar- 
rowed to sharp tip, bent in at extreme apex, inner pair slender, much 
shorter, slightly curved dorsally; in lateral view shaft broad at base, 
narrowed on outer two-thirds with angled bend near outer third; body 
with processes about alike, very slightly excavated between them. 


Holotype male, allotype female, ten male and five female 
paratypes, Mint Canyon, California, August 6, 1933, R. H. 
and J. D. Beamer; additional paratypes, nine males, Mint 
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Canyon, California, July 7, 1935, P. W. Oman. Types in 
Snow Entomological Collection, paratypes in U. S. N. M. and 
collection of E. D. Ball. 


Acinopterus brunneus Ball 
Acinopterus acuminatus var. brunneus Ball, Can. Ent., XX XV, p. 231, 1903. 

This species was named from three specimens, one male and two 
females, from Rifle, Colorado. They are quite pallid in color, with 
vertex broadly rounded, scarcely longer at middle than next eye. Elytra 
with veins slightly margined with fuscous. 

Genitalia.—Last ventral segment of female strongly produced, with 
lateral margins slightly excavated. Aedeagus of male belonging to 
larger type, but small for this group; in ventral view with two pairs of 
processes, outer pair broad and distant from shaft, sharply pointed, 
inner pair short, close to shaft, and each other, with margins almost 
parallel, apices rounded; in lateral view shaft broad at base, with def- 
inite, angled bend near middle; body small, posterior process sharper 
pointed than anterior, no excavations between them. (PI. II, Fig. 20.) 


A series of specimens have been studied from several 
localities, none of which are identical with this but seem to 
vary away from it to Acinopterus molestus. It is possible 
this may represent several species, or be one widely variable 
species. For the present, we propose to name the one and 
consider the intermediates as belonging to one or the other of 


these two. Lectoholotype male and /ectoallotype female described 
above are here designated. In collection of E. D. Ball. 


Acinopterus quadricornis n. sp. 

Resembling Acinopterus brunneus Ball, but with vertex much longer 
at middle than next eye, and male aedeagus as in PI. II, Fig. 21. Length, 
5.75 mm. 

Head narrower than thorax; vertex angled, considerably longer at 
middle than next eye; mesal margin of wing not straight, tip rounded. 

Color —General color tawny, more or less infuscated between veins. 

Genitalia.—Aedeagus of male of the Acinopterus brunneus type; in 
ventral view two pairs of lateral processes widely separated, outer pair 
slender, almost as long as shaft, inner pair very short and much closer to 
shaft, not over one-third as long as shaft; in lateral view shaft evenly 
curved dorsally near middle; outer process as wide as shaft, margins 
serrated; body of medium size, anterior process longest, not excavated 
between processes. 


Holotype male and one male paratype, Campo, California, 
August 10, 1935, R. H. Beamer. Two females taken at the 
same place are much larger than the males and not like each 
other. It is, of course, possible that these might be the female 
for this species, but until we have a larger series, we prefer not 
to designate the allotype. 
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THE BIOLOGY OF THE AMERICAN COCKROACH 


GEORGE E. GouLp AND Howarp O. Dreay, 


Purdue University Agricultural Experiment Station 
Lafayette, Indiana 


Although the American cockroach, Periplaneta americana 
(Linn.), has been a pest in dwellings ever since the settlement of 
the American continent, very little has been done, especially in 
this country, on its biology. Most of the literature on this 
species deals with its habits and methods of control, its life 
history being treated in a very general way. Marlatt (1896) 
reported that the young hatching from a single capsule on July 
11 at Washington reached maturity between March 14 and 
June 12 of the following year. Howard as late as 1912 says that 
nothing is known of the life history of the American cockroach 
and that it probably takes from four to five years for it to 
develop from the egg to the adult stage. The early references in 
European literature to the biology of roaches all deal with the 
German or the Oriental cockroach, but Fibinger (1919) reported 
that the eggs of the American cockroach hatch in about a month 
and a half and that it takes at least seven or eight months for 
the nymphs to mature. Fischer (1928), another German 
worker, reported in some detail on the development of this 
roach. She found that the eggs hatched in a month and a half; 
that the nymphs molted 10 times; and that under optimum 
temperatures (25°-30° C.) they reached maturity in four or five 
months, although some required 15 months. Sein (1923) says 
that in Puerto Rico the capsules are dropped the day after they 
are formed; that the incubation period is from 35 to 40 days; 
and the nymphs mature in 350 days. No one seems to have 
made observations on the number of eggs produced by a single 
female; the time between capsules; and the length of the adult 
life. 

The data presented in this paper were obtained from a three- 
year study of the American cockroach under ordinary room 
conditions at Lafayette, Indiana. The average monthly tem- 
peratures during this period varied from 68° to 82° F., and the 
relative humidity varied from 27 to 61 per cent. At the same 
time studies were made of the biology of the other cockroaches 
which infest dwellings in Indiana, 7. e., the Oriental cockroach 
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(Blatta orientalis), the German cockroach (Blatella germanica), 
the smoky-brown cockroach (Periplaneta fuliginosa), the brown- 
banded cockroach (Supella supellectilium), and the Pennsylvania 
wood-roach (Parcoblatia pennsylvanica). The results of these 
studies will be published in the near future. 


TECHNIQUE 


The original population of female cockroaches was captured as 
nearly mature nymphs and as soon as they become adults they were 
transferred to individual cages. In the tests to determine the fecundity 
of the females, vigorous males were kept with the females throughout 
their lives. In the tests to determine whether mating before any eggs 
were produced would insure the fertility of all eggs, the males were 
introduced into the cages immediately after the females became mature 
and were removed after the appearance of the first capsule. 

The adults were kept in battery jars, which had a sheet of toweling 
paper in the bottom. Tobacco cloth, kept in place by a rubber band, 
was placed over the top to prevent the roaches from escaping. Later 
this was supplemented by a ring of vaseline which was spread on the 
inside near the top. 

At first their food consisted of nothing but raw Irish potato, small 
cubes of which were placed in the cages every other day. Females “A”’ 
to “‘I’”’ were fed exclusively on potato for nearly a year and seemed to be 
normal. Later the potato was supplemented by Purina “dog chow,” 
supposedly a complete food. This “dog chow” molded so much that it 
was replaced by a laboratory food prepared according to the formula of 
Haydak (1936), and the raw potato was supplied but once a week. As 
far as could be observed, the cockroaches thrived as well on potato alone 
as they did when it was supplemented by either of the other foods. 
Water was supplied at first by placing moistened pieces of cellucotton in 
the cages every day. Later water was supplied from an inverted bottle 
with a wick in it, and finally a bottle plugged with cotton and placed on 
its side was used. 

The cages were examined daily for capsules. The capsules were each 
placed in a tin box which was marked with the number of the capsule, 
the date deposited and the name of the female which deposited it. The 
boxes were then placed on moist sand. Near the end of the incubation 
period the capsules were examined daily so that the exact date of 
hatching could be recorded. The capsules which failed to hatch in a 
reasonable time were dissected to see if the eggs were fertile. 

The nymphs which were retained for rearing records were at first 
isolated in test tubes. Since these did not prove satisfactory, various 
types of plaster of Paris cages were used, but molds developed so much 
in these that they were discarded. However, this mold did not seem to 
have any effect on the young roaches. Finally, half-pint glass jars were 
used and these proved to be very satisfactory. All of the nymphs were 
fed and watered in the same manner as the adults. The nymphs thrived 
much better when several were reared in the same container. 
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EGGS 


The female cockroach protects her eggs by depositing them in a 
bean-shaped capsule, which she carries for about 24 hours after it is 
formed and filled with eggs, and then fastens it in a secluded place to 


TABLE I 


RELATION OF TEMPERATURE AND HuMIDITY TO CAPSULE PRODUCTION 
AND INCUBATION 
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debris or to food material. In rearing jars the female usually fastens the 
capsule to paper and then covers it with chewed-up paper and fecal 
pellets. An incubation period of from 35 to 100 days, depending upon 
the month in which the eggs are laid, is required for the eggs to hatch. 
Table I shows that some correlation exists between the length of incuba- 
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tion period and the temperature and humidity, althought it does not 
explain why the incubation period is longer for eggs produced in April 
and October. The average duration of the egg stage for the 435 capsules 
listed in the table is. 55.3 days. 

The hatching of the young roach is not a simple process but consists 
of an emergence from the egg and from the capsule and an ecdysis. In 
order to observe the hatching process, a capsule which was about ready 
to hatch was carefully broken open. As the tops of the egg shells had 
been torn away with the broken portion of the capsule, the young 
nymphs, which were exposed, heads uppermost and face to face in two 
rows, immediately started struggling upward out of the broken capsule. 
Each individual was enclosed in a thin membrane which covered the 
appendages separately. After working itself nearly free from the capsule, 
the nymph exerted a pressure in the cervical ampulla, causing this 
membrane to break. In a series of convulsive movements, the fore, 
middle and hind legs and the antennae were freed and shortly thereafter 
the young nymph pulled its abdomen loose. The cast skin was very 
delicate and difficult to see and normally would be eaten before the 
roach moved away. 

In a normal hatching the pressure exerted by all the nymphs in a 
capsule causes it to open along the seam edge. In less than 10 minutes 
the young roaches are free and running about. At this time their bodies, 
which are white except for black eyes and mandibles, are elongate and 
inflated. In a few minutes, however, the abdomen becomes flattened and 
more rounded, and in three to four hours their color changes to a 
grayish brown. 

The eggs of the American roach are placed in capsules in two parallel 
rows. The egg shell is light brown in color and is tightly fastened to the 
adjoining eggs and to the capsule. Each egg is somewhat flattened on 
the inner sides, while on the outer side it is curved to conform to the 
shape of the capsule. Inside the egg shell is the thin amnion which 
completely encloses the developing embryo. The process of hatching, 
including the initial molt, has been observed in the German and Oriental 
roaches and is identical with that in the American, except that the 
German female.carries her capsule until the young are ready to emerge. 

The number of eggs per capsule varies with the different females. 
The perfect capsule contains 16 eggs, but with the exception of the first 
capsules produced they are seldom perfect. The average number of 
young to hatch from the 511 fertile capsules produced to date is 13.6. 
In Table II 157 capsules are classified as infertile because they failed 
to develop embryos. Certain capsules in the fertile column had young 
roaches in them which died before emergence. Classified as imperfect 
are those cases where eggs were produced, with no capsule or with 
imperfect capsules. Under ‘‘Eaten” are placed those capsules that were 
eaten before they were found and removed from the rearing jars. 

The perfect capsule is chocolate brown in color and is bean-shaped. 
On the rounded sides near the top are seven faint lines which indicate 
the position of the eggs on the inside. The top of the capsule is not 
rounded but the two sides are tightly pressed together and crimped on 
the edge. The capsule is about 9 mm. long, 6 mm. high and 4 mm. thick. 
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NYMPHS 


The young nymph, which is grayish-brown in color and 34% mm. 
long, grows very slowly. The second molt, the first after the nymphs 
free themselves from the capsule, usually occurs within a month after 
hatching. During the molting process the nymph clings to any con- 
venient object and under the pressure exerted by the cervical ampulla, 
the old skin breaks immediately behind the head. First the head is 
freed and then with a series of struggles the legs, antennae and abdomen 
emerge from the exuviae which is consumed by the newly molted nymph. 
The newly molted individual is white except for black eyes, mandibles 
and the content of the gut which is visible through the body wall. The 
body which has been elongate and inflated during molting soon becomes 
flattened and more rounded, and after three or four hours turns brown. 


Fig. 1. Ventral view of end segments of the abdomen of second instar nymphs 
of P. americana. A. Female. B. Male. VII, seventh sternum; VIII, eighth 
sternum; IX, ninth sternum; C, cercus; P, paraproct; S, stylus. 


Later molts occur in a similar manner and all instars except the last 
two consume the cast skin. The usual color of the nymphal stages is a 
uniform light chocolate brown, although occasionally some individuals 
are nearly black. 

It has been difficult to determine accurately the number of instars in 
the development of the American roach. The molting process requires 
only five minutes and in another 15 minutes the cast skin has been 
consumed. Attempts to mark individuals with stains, lacquer and shellac 
were unsuccessful, for stains did not show and the lacquer and shellac 
peeled off. The first three or four molts occur at regular intervals of 
about a month each, but after that the period may vary from one to six 
months. An example of the wide variation in development was given by 
four roaches which emerged from the same capsule and were reared in 
the same jar. Three of them reached the adult stage in 424, 435 and 616 
days while after 632 days one is still in the eleventh instar. 

The American cockroach apparently molts 13 times before reaching 
maturity. The duration of the nymphal period from records now avail- 
able varies from 285 to 616 days with an average of 409, although the 
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final average will be over 450 days. One individual hatching January 22, 
1936, is still in the eleventh instar, being 786 days old. Growth is slower 
during the winter months, although maturity is reached any month in 
the year. The average developmental period of six male nymphs was 
426 days and that of eleven females was 396 days. Three or four indi- 
viduals reared together in a jar do better than when reared singly. 

Indications of wing pads appear early in the nymphal development, 
the third or fourth instar, and become more noticeable as the indi- 
viduals grow larger. In the last nymphal instar the fore wing pads 
are about 7 mm. long and the venation is distinct, while the hind wing 
pads are about the same length and extend beyond the second abdominal 
segment. Styli are present on the ninth abdominal sternum in all the 
nymphal instars of both sexes except the last one of the female. In 
the antepenultimate and penultimate nymphal instars of the female 
the styli may be hidden beneath the seventh sternum. The sexes can 
be distinguished! in all early instars by the fact that the caudal margin 
of the ninth sternum of the female has a sharp median notch, while that 
of the male is smooth or but slightly indented as shown in figure 1. 


ADULTS 


The transformation from the last numphal instar to the adult form 
is similar to that between instars, except that the wing pads expand 
to full size. The adult roach is brown in color with a lighter band on 
the posterior edge of the thorax. Measurements of 74 females showed 
that the length from head to tip of abdomen varied from 29 to 40 mm., 
with an average of 34.7 mm. The length of 14 males varied from 28 to 
39 mm., with an average of 33.6 mm. The abdomen of the female is 
somewhat broader than that of the male. The wings of the male extend 
from 4 to 8 mm. beyond the abdomen, while those of the female equal 
or only slightly surpass the abdomen. The two sexes can be distinguished 
as mentioned above for the nymphs by the ventral stylets on the last 
abdominal sternum of the male. 

Mating has not been observed except that on one occasion when the 
lights were turned on a pair was found in copula with their heads in 
opposite directions. On several occasions, however, amatory actions on 
the part of the male have been observed. The males with their abdomens 
extended and with legs stiffened walked around the females and at times 
attempted to back the abdomen under the female. 

In order to determine if the females can reproduce parthenogenetic- 
ally, three virgin individuals were placed in jars and observed for several 
months. The first produced no capsules, the second a single imperfect 
capsule, and the third one imperfect and one perfect capsule. None of 
the capsules was fertile. Later the second individual was mated and 
produced a number of fertile capsules. 

In our regular rearing jars new males were kept with females at all 
times. In order to determine if more than one mating is necessary, 
males were left with the female only during the preoviposition period. 


1The authors wish to acknowledge the suggestions of Dr. F. L. Campbell, who 
called to our attention the differences existing between the sexes of the nymphs. 
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The first female lived 232 days and produced 30 capsules of which 28 
hatched with an average of 14 young. The second female is now 366 
days old and has produced 40 capsules, of which 20 out of first 28 were 
fertile. 

An examination of the reproductive organs shows that there are a 
pair of ovaries, each consisting of eight separate tubes. These tubes, 
which are filled with egg-cells that become smaller towards the cephalic 
end, open into an oviduct on each side, which join to form a common 
oviduct. An egg matures in each ovarian tube at the same time and all 
pass down through the oviduct into the vagina where each is fertilized. 
The short vagina leads into the genital pouch where the capsule is 
formed and the eggs are placed in the capsule by the ovipositor. As 
the capsule is formed and filled with eggs, it is gradually pushed out of 
the pouch and is held by the external ovipositor. The capsule as it first 
appears is white and in an hour or so turns brown. The complete process 
of capsule formation and egg deposition requires three or four hours. 

The female upon reaching maturity undergoes a preoviposition 
period of 11 or 12 days. Thereafter, she produces a capsule at more or 
less regular intervals of three days in June, July and August to 12 days in 
October. The fertility of capsules produced by different females varied 
greatly and is given in Table II. The maximum number of capsules 
produced by any female was 90 and had all of these been perfect, her 
offspring would have numbered 1440. Actually our records show that she 
produced 970 young. 

The proportion of the two sexes present in a building seem to be 
more or less equal. A room in a meat-packing establishment was dusted 
with pyrethrum powder in March. Of the 249 adults which were stupe- 
fied 87 were females and 162 were males. A month later 74 females and 
14 males were captured in traps in the same room, making a total of 161 
females and 176 males which were taken from this same room within a 
month. It is of interest to note that 203 of the 249 roaches knocked 
down by the pyrethrum powder died. Of the 17 roaches reared to 
maturity, eleven were females and six were males. As noted elsewhere, 
the males required on an average 20 days longer to develop. 

The length of life of adult females kept under more or less uniform 
conditions varied from 102 to 588 days with an average of 450 days. 
The males had a shorter life. During the later months of the life of the 
females many eggs were deposited with no capsule around them, or 
the capsule was imperfectly formed, often being white or becoming 
shriveled in a week or so. The life spans for three females for which 
complete records are available are 783, 793 and 913 days. 


GENERAL OBSERVATIONS 


The American cockroach is common in restaurants, grocery 
stores, bakeries and other places where food is prepared or 
stored. Occasionally it appears in small numbers in homes 
where it has been carried in with food products or has migrated 
from nearby infested property. In order to maintain a supply of 
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roaches for control tests, a grocery store and the buildings 
adjoining were trapped regularly during three winters. Over the 
stores were apartments which were infested with both the 
German and American roaches, while the basements, which 
housed a common heating system, were inhabited only by the 
American roach. The small German roach was common only in 
the grocery store while at night the place was overrun with the 
American roaches which had migrated up from the basement. 
In the basement there was always a constant supply of American 
roaches hiding around the heat pipes, while traps set in a win- 
dow, which opened into the next basement, always caught 
Oriental roaches. 

During the past winter trapping was carried on at a large 
meat packing establishment. The building was quite old and all 
heated parts were heavily infested with the American roach. 
Adult roaches were present in large numbers between closely 
placed beams, while nymphs were more common between 
bricks where the mortar had crumbled. In the hide room which 
was cold, damp and usually dark, clusters of several hundred 
roaches on open walls were not disturbed even by lights and 
were easily scraped into jars. It might be added that this 
packing company has since gone out of business. 

American roaches of all sizes live together in perfect har- 
mony. Young nymphs have been noted in clusters under adults 
and crawling over the adults as they wander about in rearing 
jars. Cannibalism is rare and occurs in cases where a molting 
individual is unable to extract itself from its exuviae. It has also 
been noted in cage tests for control purposes in which case the 
survivors eat into the abdomens of the dying roaches. 
Destruction of capsules and eggs is rather common in rearing 
jars, especially with certain females. Such capsules are torn 
open and the eggs and part of the capsules are eaten. 

These insects are active throughout the year, although they 
confine their activities to locations where the temperatures are 
in the seventies or higher. During the summer the alleyways 
and yards adjoining heavily infested buildings are overrun 
with roaches. In the winter the roaches stay close to heat pipes 
and at night scurry around only in the warmer parts of build- 
ings. In order to determine the temperature preferred by this 
species as well as the Oriental roach, a wooden chamber six feet 
long by four inches wide by four inches high was constructed. 
A glass top was placed over this and six thermometers were 
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inserted at regular intervals near the bottom. One end of the 
chamber was placed on a hot radiator and the other end was 
covered with chopped ice and salt. Twenty roaches were 
released in the chamber for each test and were allowed 30 
minutes in darkness to acclimate themselves. Results from a 
series of tests performed each time with a different set of roaches 
show that they preferred the temperature range from 79° to 82° 
F., in a chamber whose temperature varied from 40° to 99° F. 
In one test five roaches ran to the cold end of the chamber and 
in about five minutes all had fallen over on their backs numbed 
from the cold. Often during the winter trapped roaches were 
exposed to temperatures of 15° to 20° F. for seven or eight 
minutes while they were being carried to the laboratory and in 
every instance all died. 

Evania appendigaster Linn., a hymenopterous parasite of the 
family Evaniidae, has been reported by several authors as 
parasitic on the egg-capsules of the American and Oriental 
cockroaches. As we made no effort to collect capsules laid under 
natural conditions, we have not reared this parasite. However, 
numerous specimens of the adults were observed and collected 
in a bakery while it was being treated with pyrethrum for 


roach control. 
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FAUNISTISCHER FUHRER DURCH DIE COLEOPTEREN-LITERATUR, 
DIE WICHTIGSTE KAFER-LITERATUR NACH GEOGRAPHISCHEN 
GEBIETEN GEORDNET. By S. SCHENKLING. Band I. Europa (in prep- 
aration), 7x 10 inches, about 600-700 pages in 9 or 10 Liferungen. 1938- 
1940. Published by VERLAG GusTAV FELLER, Neubrandenburg (Meckl.), 
Germany. Price, paper bound, RM 4.5 ($2.00) per part (Liferung). 

From the specimen part this appears to be a bibliography of literature on 
Coleoptera of Europe arranged by localities. We find a section on Norway of 72 
items, following this a series of shorter lists for various localities in Norway, then 
a list for Sweden, etc. We do not see just what is the outstanding value of such 
a list which obviously cannot approach completeness. However, we have found 
time and again that any kind of a list of literature, particularly by an authority in 
his field, has surprising usefulness at most unexpected times. They help to plug 
in gaps in other bibliographies.—C. H. K. 





THE FOOD OF THE GIANT TOAD, BUFO MARINUS (L.), 
IN TRINIDAD AND BRITISH GUIANA WITH 
SPECIAL REFERENCE TO THE ANTS 


Neat A. WEBER, 


University of North Dakota, 
University Station, North Dakota 


The most conspicuous amphibian in Trinidad and British 
Guiana is the giant toad, Bufo marinus (L.), largely because 
of its size and because it often frequents the vicinity of dwellings 
in its search for food. In the West Indies and Trinidad it 
has been reported feeding on mole-crickets, leaf-caterpillars 
(Mocis repanda), ducklings, and rats (Myers, 1931, p. 25). 
Barbour (1930, p. 76) states that ‘‘this species feeds upon small 
batrachians, and may extirpate some native species.” 

The following study is based upon the examination of 
stomach contents of 26 specimens, of which four from Mt. 
St. Benedict, Trinidad, were given to me by Mr. Desmond 
Vesey-Fitzgerald and the rest were taken by myself at St. 
Augustine, Trinidad and at the Forest Settlement, Mazaruni 
River, British Guiana; I have added two feeding records 
observed by myself. 

In the stomachs of these toads no young rats or ducklings 
were present, only a single mole-cricket, a single caterpillar, 
and a single frog were found, each in but one stomach, and ants 
proved to be by far the most important source of food, qualita- 
tively and quantitatively. Mole-crickets, caterpillars, and 
smaller batrachians were all abundant in the localities in which 
the toads were collected. 35 species of ants were determinable 
and ants were present in all but two stomachs, one of which 
was completely empty. They constituted the bulk of all food 
in 16 stomachs or 76 per cent of the stomachs of which a complete 
analysis could be made. 

Among the ants were included common species of those 
localities, Ectatomma ruidum, found in 16 out of 18 Trinidad 
stomachs (and themselves constituting the bulk of all food 
in eight stomachs), Odontomachus haematoda, found in six 
stomachs, and Pheidole fallax jelskii, found in ten stomachs. 
Other common but very small ants, Cyphomyrmex rimosus and 
Wasmannia auropunctata, were found, in six and in four 
stomachs, respectively. Additional noteworthy ants include 
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the army ants of three species, including Eciton burchellii var. 
urichi, one of the largest and most powerful army ants of the 
New World. In one stomach were found two workers of 
Pseudomyrma elegans, the only terrestrial species of this great 
arboreal genus. Ants of three other arboreal genera were 
included in the diet of the toads. The single alate female of 
Procryptocerus goeldii guianensis probably had descended to the 
ground after her marriage flight. The single worker of Crypto- 
cerus varians had undoubtedly descended to the ground from its 
nest in a saman tree (Pithecolobium saman) close to where 
I took the toad. The numerous workers of Cephalotes atratus 
quadridens were similarly nesting in nearby saman trees and it is 
the habit of the workers of this species to forage both on trees 
and on the forest floor. In snapping up these spinose ants the 
toads inadvertently trapped and swallowed the staminate 
flowers of the saman trees which formed an appreciable part 
of the contents of two stomachs. There are twelve records of 
fungus-growing ants (Aftini) of four genera, Cyphomyrmex, 
Trachymyrmex, Acromyrmex, and Atta. The two latter genera 
are of especial interest because the leaf-cutting activities of their 
workers are of considerable importance to tropical agriculture. 

Snails were found in five stomachs. Spiders, present in 
eight stomachs, constituted the bulk of the food in one stomach 
and an appreciable fraction in the others. Millipedes, found in 
four stomachs, constituted the bulk of the contents in two. 
Termites, in six stomachs, constituted the bulk of the contents 
in one. The body contents of these soft-bodied insects are so 
readily expressed in the toad stomach that the real bulk must 
be appreciably larger than the bulk as found, which was entirely 
of collapsed specimens. An additional Trinidad record is of 
winged termites captured at mid-day during a rain. 

The remainder of the food was divided among seven addi- 
tional insect orders and Hymenoptera exclusive of Formicidae 
(a single mutillid). Single specimens of Mantodea, Lepidoptera, 
and Diptera were found. Specimens of Blatteriae (roaches) 
found in two stomachs, of Orthoptera and Hemiptera in three, 
and of Coleoptera in 14 stomachs accounted for the remainder 
of the food. Only one or several beetles, adult or larval, were 
found in any stomach and in no case did they constitute the 
bulk of the stomach contents. 

The giant toad is largely crepuscular or nocturnal in habit 
though sometimes it comes out during heavy diurnal rains 
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to catch the insects beaten down by the rain drops, or appearing 
in numbers following the cessation of rain and their forced 
quiescence. Consequently the prey of the ants must be 
largely crepuscular or nocturnal since the toads take only 
moving objects. Most of my collections were made a number 
of hours after dark and the prey was obviously freshly taken as 
indicated by the lack of digestion. Other collections were 
made several hours after sunrise but these toads were resting 
under stones and their stomach contents had clearly been 
partly digested. 

A comparison of the ant food of Bufo marinus with the ant 
food of five different species of Bufo taken in the Belgian Congo 
(Bequaert, 1922, pp. 289-290) shows similarities in feeding 
habits which may be summarized in the following table: 


Stomachs Ant . Pseudo- | Myrmic-| Formi- 
Examined| Species | Dorylinae} Ponerinae|myrminae| inae cinae 





Congo Bufo spp 0 27% 
Bufo marinus ° . 0 /o 20% 


The Dorylinae and Formicinae percentages are similar while 
the Ponerinae and Myrmicinae percentages are reversed. It 
should not be inferred that terrestrial Myrmicinae are relatively 
more abundant in the Neotropical Region. Rather the explana- 
tion probably lies in the fact that the Bufo marinus toads 
were mostly collected in clearings where Ponerinae species are 
relatively less abundant, Ectatomma and Odontomachus being 
conspicuous exceptions. The presence of Pseudomyrminae in 
B. marinus is due to the single terrestrial neotropical species 
while the species of this sub-family in Africa seem to be all 
arboreal. The absence of Dolichoderinae in both groups is 
noteworthy. Most of the neotropical species are arboreal 
and the terrestrial species are small or diurnal. 


LIST OF CONTENTS OF STOMACHS OF BUFO MARINUS 


Ants 
Toad 
Locality Date! Stomachs 
. Eciton burchelli West. var. uricht Forel.... Trinidad.... ? 
. Eciton (Acamatus) ierense Weber Trinidad.... 
. Eciton (Acamatus) postangustatum 
Borgmeier 


1All dates are in 1935. 
2D. Vessey-Fitzgerald, collector. 
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; Toad 
Locality Date Stomachs 


. Ectatomma ruidum Roger (Trinidad... .Mar. 19, 22...) 
\Trinidad.... ? 
5. Gnamptogenys sulcatum (F. Sm.) ssp. 
bufonum Weber B. Guiana 
}. Holcoponera striatula Mayr.............. B. Guiana 
Trinidad.... 
. Pachycondyla harpax Fabr ceNneale ess 6 ees 3 
.B. Guiana. . 
. Anochetus inermis Ern. André... . a: 
. Odontomachus haematoda L ../ Trinidad... 
Trinidad.... * 
. Odontomachus haematoda ssp. insularis 
Guerin. . Trinidad.... 
. Pseudomyrma elegans F. Smith........... B. Guiana 
12. Pheidole spp 5 eles once fs 9.6: 
\B. Guiana 
3. Pheidole fallax Mayr ssp. jelskit Mayr. ...{Trinidad.... 
\B. Guiana 
. Crematogaster (Orthocrema) brasiliensis 
Mayr ssp. arawak Weber .... B. Guiana. 
. Crematogaster sp. ; we 
3. Monomorium sp..... 1. .. B. Guiana 
. Tranopelta gilva May r iat .. seimidad.... 
. Solenopsis sp.... ee Trinidad.... 
.B. Guiana 
. Solenopsis (Diplorhoptum) altinodis Forel.. Trinidad.... 
20. Solenopsis geminata Fabr .. Trinidad.... 
. Wasmannia auropunctata Roger..........{Trinidad.... 
B. Guiana 
. Procryptocerus goeldit Forel ssp. guianensis 
Weber B. Guiana 
3. Cryptocerus (Cyathomyrmex) varians 
i Trinidad... .] 
. Cephalotes atratus L. ssp. quadridens DeGeer Trinidad... . 
25. Cyphomyrmex rimosus Spinola a). 
B. Guiana 
26. Trachymyrmex urichi Forel a) le 
Acromyrmex octospinosus Reich........../Trinidad.... 
Trinidad.... ° 
ee i ee re .... B. Guiana. 
29. Brachymyrmex cordemoyi Emery......... B.Guiana.. 
. Paratrechina longicornis Latr ee): ee 
. Nylanderia sp Let. 
. Campanotus spp .. Seadad.... 
3. Camponotus (Myrmothrix) abdominalis 
Trinidad... . Mar. 2% 
. Campanotus (Myrmothrix) rufipes Fabr.... B. Guiana...Aug. 
5. Campanotus (Myrmobrachus) crassus Mayr Trinidad....Mar. 


Animals Other Than Ants 


Mollusca-Gastropoda—unident. snails...... {Trinidad.... 
B. Guiana. . 
. Arachnida—unident. spiders and phalangids 
of many sizes {Trinidad.... 
\B. Guiana... 
. Diplopoda—unident. millipedes........../Trinidad.... 
\B. Guiana. . 


2D. Vessey-Fitzgerald, collector. 
8Swarm of winged castes captured by numerous toads. 
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Toad 
Locality Stomachs 
. Orthoptera—Acrididae nymph. . cxce a  QeEMER Acs , 1 
. Orthoptera-Gryllotalpidae- -Scapteriscus 
Trinidad.... 2 1 
. Orthoptera-Tettigoniidae nymph .. Trinidad.... 
. Blattariae—Epilampria abdomentgrum 
(DeG.) det. Rehn .. Trinidad.... 
Mantodea—small mantid B. Guiana... 
. Isoptera—termite worker remains....... Trinidad.... 
\B. Guiana... 
. Isoptera—swarm of winged castes® 
. Hemiptera-Pentatomidae—large adults in 
fragments {Trinidad.... 
\B. Guiana... 


=S C2 NO op 


. Hemiptera—adults and nymphs in 
fragments .. B. Guiana... 
. Lepidoptera—small larva....... Trinidad.... 
. Diptera—1 mosquito...... B. Guiana... 
5. Coleoptera—various beetles in 1 fragments 
GE ROS i aie ere akties 


. Coleoptera—Opatrinus sp. det. Darlington. Trinidad... . 
. Coleoptera—Sphenophorus sp. det. 
Darlington B. Guiana... 
. Coleoptera—Elateridae—one adult Trinidad.... 
. Coleoptera—Distichus sp. det. Darlington.. B. Guiana... 
. Hymenoptera—Mutillidae— Hoplomutilla 
n. sp. det. Mickel we 
. Amphibia—partly digested small frog Trinidad... .Mar. 22 


‘The destructive mole-cricket of Trinidad. 
5Identified by Dr. A. E. Emerson as Anoplotermes sp. near banksi and two 
new species of same genus. 
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THE FULGORIDAE OF OHIO, by HERBERT OssBorn, 1938, pp. 283-357, 42 text 
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are Mrs. Celeste Taft, Mrs. Dorothy Johnson Knull, J. S. Caldwell, R. J. Sim, etc. 

This is the thirty- fifth paper of monographic size, on Ohio fauna and flora 
published by the Ohio Biological Survey, which is a publishing association organ- 
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INSECT AERIAL POPULATIONS 


H. Exttiorr McCuiure, 


Iowa State College, 
Ames, Iowa 


From May 3, 1934 to May 11, 1935, flying insects were 
collected daily over a known distance by means of a net attached 
to the front fender of an automobile. These collections were 
made morning and evening of each day, if the temperature was 
above 40° F., and at noon during winter days when the tem- 
perature reached 40° F. Five hundred and twenty-five trips, 
or an aggregate of 2,100 miles, resulted in the collection of over 
74,000 insects. From May 3, 1934, to June 19, 1934, the 
collections were made along four miles of pavement, Route 68, 
extending east from Horse Cave, Kentucky. From June 20, 
1934 to May 11, 1935, the collections were made along a 
two-mile strip of highway extending northwest of Danville, 
Illinois, across Lake Vermilion. It was impossible to continue 
collections until June 20, 1935, in order to complete the year at 
Danville, Illinois. 

The morning collections were usually taken between 6 and 8 
o'clock. No attempt was made to collect at sunrise. The 
evening collections were taken at sunset and during the hours 
of dusk. During the latter part of July and at other times, 
collections were made at sunset and an hour afterwards. No 
regular collections were taken at other hours of the day, but 
trips were made at different times of the day and night on 
various days throughout the year. 

The cone-shaped muslin net used was ten inches in diameter, 
thirty inches long, and was attached to the fender with the base 
approximately three feet above the ground. The ring of the 
net was the rim of a large automobile headlight, bolted to the 
front right fender and braced with strap iron and wire. 

During each collection the car was driven at a speed of 25 
to 30 miles per hour, with the net on the outside of the road, 
but not striking any plants. Temperature and weather con- 
ditions at the time of the collections were recorded. Each 
collection was taken regardless of the weather conditions, so 
that trips were made in all weather from clear to rainy. The 
air stream from other automobiles was avoided by not following 
closely behind them. 
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AREAS STUDIED 


The terrain along the route at Horse Cave, Kentucky, was rolling 
upland with no flowing streams and with two or three open ponds of 
water. The route was through untilled but pastured prairie, and the 
closest approach to woodland was 100 yards at one point. The road 
right-of-way was unmowed, and the fields along the road abounded 
with composites and other flowers. 

The area studied at Danville, Illinois, was the forested uplands near 
Lake Vermilion. Although several private estates bordered the road 
they did not greatly alter the natural habitats or plant communities. 
Most of the drive was lined by trees, but part of it extended through 
prairie, and the last half-mile of the drive dropped down into the valley 
of Lake Vermilion and crossed the Lake. The drive was two miles long, 
and collections were taken while driving in both directions. The shallow 
lake edges, banks, and steep slopes about the lake provided great 
variety of conditions. Danville lies in the edge of the beech-maple 
deciduous forest association, and the trees bordering the drive were all 
of the mesic forest type. The road shoulders were unmowed. 


PREVIOUS AERIAL WORK 


Bonnet (1911) attached a net of one square meter area to an auto- 
mobile and drove over a one to two kilometer route near Paris, France, 
at 30 kilometers per hour. The net was at two meters height and fil- 
tered 1,000 to 2,000 cubic meters of air. His results were similar to 
those recorded here, for he found that chironomids, mycetophylids, and 
other minute Diptera; staphylinids, and other minute Coleoptera; and 
minute Hymenoptera were the most numerous forms taken. 

Aerial work has been done in connection with the gypsy moth and 
cotton boll weevil control research (Collins and Baker, 1934). In these 
studies insects were collected by means of an airplane at various heights. 
At Moscow, Idaho, Rice (1933) and Wakeland (1934) have studied the 
movements of Bruchus and other insects by means of flight traps. 
Byers (1928) has recorded the dragon-flies caught on radiators of auto- 
mobiles in Florida. 


MAJOR GROUPS COLLECTED 


Flying insects were taken in almost all of the collections. Of 71,000 
specimens determined to order, Diptera constituted 55,000 or 78%, 
Coleoptera 8,000 or 11%, Hymenoptera 1,700 or 2.4%, Aphididae 2,000 
or 2.7%, Cicadellidae 800 or 1.7%, Psocoptera 175 or 0.2% and the 
temainder was made up of 3,000 miscellaneous forms, 4% (Plate I, 
Graph IV). 

The great majority of the Diptera were cecidomyids, chironomids, 
mycetophylids, and miscellaneous Muscoidae. The majority of the 
beetles were staphylinids with a few scarabeids, carabids, and many of 
the families of minute beetles, such as ptiliids, and pselaphids. Hymenop- 
tera were mainly chalcids, cynipids, proctotrypids, and ichneumonids. 
Miscellaneous forms included Ephemerida, male coccids, microlepidop- 
tera, Acarina, enicocephalids, and others. Bonnet found a ratio of 100 
Diptera: 30 Coleoptera: 10 Hymenoptera in his studies, while the 
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collections discussed here show a ratio of 100 Diptera: 14 Coleoptera: 
3 Hymenoptera. 


SPRING, MIDSUMMER AND AUTUMN FLIGHT 


Plate I gives three examples or types of collections taken during the 
year. Graph I is of the ten days between May 15 and May 25, 1934 
(Kentucky). Graph II is of the 13 days between July 26 and August 6, 
1934, (Illinois). Graph III represents the collections from September 5 
to 20, 1934, (Illinois). Plate II represents the numbers of insects taken 
in each collection for the entire year. These graphs (I to III) show that 
the air at all times of the observations contained flying organisms. 
Between May 3 and October 29, 1934, only three collections out of 445 
included but a single insect. The greatest single collection was 2,775 
insects. The average number for the six month period was 170 insects 
per collection. The morning collections were much smaller, averaging 
45, and the evening average was much greater, 295. 

During the month of May the temperatures were variable and 
averaged less than 70 degrees F. at the time of the collections. During 
the middle of the month (Graph I), the evening collections were made up 
of about 50% Diptera, 40% Coleoptera, and 10% miscellaneous. During 
this period both morning and evening collections were high. Towards 
the end of the month came ascending temperatures and a number of 
insects increasing to a great peak on the evening of June 2 (Plate II). 
This peak of activity in Kentucky was thought to be comparable to 
a similar peak at Danville, Illinois, on July 2 and 3. Observations in 
1935 at Danville, Illinois, on June 1 revealed a peak of activity as great 
as that in Kentucky in the preceding year. Further, there were heavy 
flights along the Illinois River north of Peoria at the same time, so that 
it may be that the first of June is a period of great activity in both 
Illinois and Kentucky. During this May-June peak, the numbers 
taken in the morning were the highest of the year. This spring flight 
consisted of 68% Diptera, 25% Coleoptera, and 7% miscellaneous forms. 
The greatest flight on June 2 was 92% Diptera. 

The numbers of insects taken were much reduced from June 2 to 
July 2 during a period of very warm weather. On July 2 there was an 
abrupt great flight not preceded by several days of rapidly increasing 
numbers as had been the first flight (Plate II). This collection was 
made up of 80% chironomids, 9% other Diptera, 5% Coleoptera, and 
6% miscellaneous. 

A second large collection on July 3 was greater by a few insects than 
the one on July 2. This was made up of 91% chironomids, 7% other 
Diptera and 2% miscellaneous forms. Immediately following this 
flight fewer insects were encountered and from July 4 to August 24 only 
15 collections exceeded 170 insects. Plate I, Graph II, gives the collec- 
tions of the last of July and the first of August. During these seven 
weeks a collection was made in the morning and generally two in the 
evening, one before and one just after sunset. In most cases there was 
a slight increase in the numbers taken after sunset, but fewer were 
encountered after it became dark. This was the hottest period of the 
summer. 

The period between August 25 and September 25 was that during 
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which the greatest numbers of insects were collected. During the 
evening collections on 25 of the 32 days, more than 170 insects were 
taken. Of these, nine collections included over 1,000 insects, and two 
over 2,500, which was 500 greater than either of the preceding peaks 
earlier in the year. Ninety-eight percent of the insects flying at this 
time were chironomids. Unlike the spring collections, the numbers 


TABLE I 


THE AVERAGE NUMBER OF INSECTS TAKEN EACH MONTH IN RELATION TO THE 
WEATHER CONDITIONS, AND THE PERCENTAGES OF INSECTS ACTIVE 
DurING GIVEN WEATHER CONDITIONS 


AVERAGE NUMBER COLLECTED Per Cent oF Totat COLLECTED 
AVERAGE 
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taken in the morning were very low. From September 25 to November 1 
the numbers decreased with only 16 collections of more than 170 insects. 
From August 22 the temperatures were variable and gradually dropped 
until there was frost on October 29. From November 1 throughout the 
winter and spring until May 1, insects were encountered only sporad- 
ically when the temperature was 40° F. or above. The last collections 
were taken on May 11, 1935, and from the first of May to this time the 
numbers caught were fairly constant, but not as high as those of the 
preceding year in Kentucky. 


MONTHLY AVERAGES FOR THE YEAR 


The accompanying Tables I, II, and III include the averages of all 
the collections of all the months at the different conditions of weather, 
temperature, and times of day during which collections were taken. 
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Reading across the columns gives the averages for each condition for 
each month. Reading down any column gives the averages of one 
condition for all the months in which that condition existed or in which 
collections were made. Each table also gives the percentages of the 
total insects under each condition. 


TABLE II 
THE AVERAGE NUMBER OF INSECTS TAKEN EACH MONTH IN RELATION TO 
TEMPERATURE, AND THE PERCENTAGES OF THE INSECTS ACTIVE 
AT VARIOUS TEMPERATURES 








AVERAGE NUMBER COLLECTED PER CENT OF TOTAL COLLECTED 
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February 3 me oe el a oe 
March 1| 4] 40| 24 ~ | a! 6] 6| 3] | 
April | o| 16] 32] 88} | | | a2| 23] o] | 
May | | 21| 85|254/204| | | 4| 15] 45| 36] 
june ~=—s|—Sséd|«Ss«d a2} 226| 309 81| | | 20] 20] 48] 12° 
july | | | st] 155}200] 1] | | 16] 30| 30] 15 
August | | 52|324|102| 58| | | 9| 6o| 19] 12| 
September | 4] 43 | 312 | 729 | 208 3| 3] 24] 56/16.7| 
October | 7] 511255|176}/ | | 2] 1| 52] 36] | 

November | 18| 22| 57| | | | a9] 23| 58| | | 
December a ik ee on a oe oe oe a a 
Yerty | | | | 1 | YT OTT 


Average 8 | 24] 145 | 207 | 196 | 76 1 3] 22] 31) 30] 13 


The column headed ‘‘Average Collection” in Table I contains the 
averages of all the collections for each month of the year. From this 
it is apparent that June and September were the months during which 
the most insects were taken per collection. 

The averages of the collections in relation to weather conditions for 
the year seem to indicate that insects are almost equally and most 
actively flying during clear and partly cloudy weather. The numbers 
taken in partly cloudy weather were only slightly higher than those 
taken in clear weather. 

Table II shows that there is a definite tendency for insect aerial activ- 
ity to become more intense at higher temperatures as the season pro- 
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gresses. This continues into July and then for the rest of the year the 
most intense flight activity is at lower temperatures. From the yearly 
averages it seems apparent that proportionally more insects were 
flying during temperatures of from 70° to 90° F. with slightly greater 
activity between 70° and 80° F. 

Consecutive collections were not made at all hours of the day, but 
for those indicated in Table III, the highest yearly average is at 6 to 7 
P. M. Further, from April to November, it will be noted that, for the 


TABLE III 


THE AVERAGE NUMBER OF INSECTS TAKEN AT DIFFERENT Hours OF THE Day, 
AND THE PERCENTAGES OF THE INSECTS ACTIVE AT GIVEN Hours 
(Time after noon shown in bold face type.) 








AVERAGE NUMBER COLLECTED PER CENT OF TOTAL COLLECTED 
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hours in the late afternoon during which collections were made, the 
hour during which the sun set was the time in which the greatest num- 
ber of insects were taken. 

Although the temperature rose to 40° F. or slightly above eight 
times during January, no insects were collected actively flying. During 
February the temperature rose above 40° F. seven times and reached 
50° F. four times. Only three insects were taken and these were Diptera. 
An abrupt thunder shower occurred during the hour of the greatest 
flight in June, and as the insects were still flying after the rain the 
maximum activity was considered to have occurred during partly cloudy 
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weather. It is interesting to note that during September several col- 
lections exceeded a thousand insects. Further, in December the tem- 
perature reached 40° F. only once and during the month three spec- 
imens were taken, one spider and two flies. 


DISCUSSION 

As the studies progressed it became apparent that definite periods 
of flight were correlated with particular times of day, and within 
definite ranges of temperatures and weather conditions. No term was 
found in the literature to be applied to these flying insects; so the term 
aero-plankton is suggested. Aero-plankton, therefore, means organisms 
in the air which are passively floating, weakly flying, or flying enough 
to direct their flight within certain limits. Aero-plankton includes 
chironomids, mycetophilids, and other small flies; staphylinids and 
other small beetles; aphids; psocids; chalcids and other minute Hymen- 
optera. It also includes floating organisms such as spiders, occasional 
Collembola, mites, and spinning larvae. It might be said that the 
greatest difference between aero-plankton and hydro-plankton is that 
the latter lives within the medium surrounding it, while the former 
lives on the soil and on plants, and moves into the air at different times 
and at different densities. The nekton of the water consists of fishes 
and other strongly swimming forms, and similarly, in the air the nekton 
consists of birds, bats, large scarabeids, and other large insects. The 
hydro-plankton serves as food for the nekton, and in the same way 
aero-plankton is food for birds, bats, dragonflies, and others. 

It is well understood that hydro-plankton in general decrease in 
abundance as the depth is increased. This abundance fluctuates with 
the seasons and the time of day. The same is the case with aero-plankton. 
The greatest abundance of flying organisms is apparently at or near the 
surface of the soil. The abundance decreases sharply as the height 
increases to around 100 feet. This fact is supported by observations of 
columns of chironomids above tree tops. From 100 feet, the abundance 
becomes gradually less to around 300 feet. This is supported by observa- 
tions of large numbers of chironomids and Trichoptera flying past the 
top of a sixteen story building. Mr. P. A. Glick found that from 300 feet 
on up to around 16,000 feet the density attenuates. The density varied 
at three feet above the ground from one insect in 3,000 cubic feet to one 
insect in 3 cubic feet of air, with the average, one insect to 60 cubic feet. 
At 200 feet altitude Glick found a density of one insect to 6,748 cubic 
feet, and at one mile altitude, one insect to 117,546 cubic feet. This is 
the ratio of abundance 2000 : 100 : 1 ascending from the surface to one 
mile above. 

The total amount of plankton in the water over a period of hours is 
comparatively constant, but in the air the numbers apparently change 
explosively. The abundance may increase and decrease a thousand 
fold in less than two hours as the insects leave the soil and plants and 
fly into the air only to return in a short time. On warm days there are at 
least a few insects flying at all times of the day. The period of greatest 
activity of the day is at or near sunset and the period of lowest activity 
is in the morning, possibly just previous to sunrise. 
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SUMMARY AND CONCLUSIONS 


1. From May 3, 1934 to May 11, 1935, collections were 
made daily with a net on the fender of an automobile in an 
effort to determine the relative abundance of insects in the air 
at Horse Cave, Kentucky and at Danville, Illinois. 

2. At temperatures above 40° F. the lower air is practically 
never free of flying organisms. 

3. The optimum temperatures for the largest collections 
varied from month to month, but never exceeded 90° F. nor 
descended below 50° F. 

4. Of the hours during which collections were made, the 
flying organisms were at their lowest ebb in the morning. 

5. Of the hours during which collections were taken, the 
flying organisms were most abundant just before, at, and just 
after sunset. 

6. The abundance in the evening increases and decreases 
rapidly as consecutive collections have shown an increase from 
50 to 1,500 and back to 30 or 40 insects in the space of one or 
two hours. 

7. The seasons of greatest abundance are mid-spring, and 
early fall with a possible strong movement during mid-summer. 

8. Although collections were not made at all hours of the 
day it seems that the period of activity swings as a pendulum 
from 1 P. M. to 8 P. M. and back during eleven months. It 
followed sunset closely during the warmest months. 

9. The only month in the year apparently free from insect 
flight activity was January. 

10. The conditions accompanying partly cloudy weather 
were the most favorable for insect flight. 

11. The term aero-plankton is suggested as being applicable 
to the organisms floating and dancing in the air. The aero- 
plankton encountered in these studied at all times was at least 
40% Diptera and during the season of greatest activity was 
from 90% to 99% Diptera. 
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Graphs I, II and III represent the collections of aero-plankton for the dates 
indicated. The upper half of the graphs indicate the temperature at the time of 
the collection. D and N at the top of the columns indicate day and night, and 
the lines between the columns indicate the periods of dusk and dawn. 

These three graphs represent the three tendencies of aero-plankton activity: 

1. During the spring the morning collections were high, as well as the eve- 
ning ones. 

2. During July and August both morning and evening collections were low. 

3. During September the morning collections were very low and evening 
collections very high. 

Graph IV represents the percentage of the major groups collected. The 
explanations are given above the circle. 
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This graph represents the daily collections for the entire year. 
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AMERICAN BEES OF THE GENUS HERIADES 


CHARLES D, MICHENER,!} 
University of California, 
Berkeley, California 


Heriades is a genus of small, black, osmiine bees, widely 
distributed over North America, Europe, Asia, and Africa. In 
North America species are known from Canada to Costa Rica, 
several being very widely distributed. 

European authors? have often placed Chelostoma as a syn- 
onym of Heriades, using Trypetes as a subgenus to include H. 
truncorum (Linnaeus) and its allies. This procedure is not 
permissible, Heriades and Trypetes being isogenotypic, and 
Trypetes, the newer name, being preoccupied*. Furthermore, | 
believe that Chelostoma is generically distinct from Heriades. 
Chelostoma is finely punctate, the first tergite with a longitudinal 
sulcus basally, whereas Heriades is coarsely punctate, the first 
tergite with a well differentiated, margined concavity basally. 
The tarsal segments of Chelostoma are slender, while in Heriades 
segments two to four are broad and cordate. The seventh 
abdominal tergite is exposed in Chelostoma, concealed in 
Heriades. 

The African genus Noteriades Cockerell is evidently a dis- 
tinct genus, not a subgenus of /Heriades as originally described, 
although it is more closely related to Heriades than to Chelos- 
toma. The scutellum in Noteriades is produced and subtruncate 
posteriorly, and the metanotum and propodeum are vertical, 
characters not shared with Heriades. Additional characters of 
Noteriades (The species studied is N. tricarinatus (Bingham), 
determined by Cockerell), other than those mentioned by 
Cockerell, are the absence of a median notch and of capitate 
hairs on the fifth sternite, and the broader (concealed) seventh 
tergite, which is less narrowed medially than in Heriades and 
bears a small projection at each side of the posterior margin. 


1] wish to thank Mr. P. H. Timberlake, Prof. T. B. Mitchell, Prof. H. A. 
Scullen, Prof. O. A. Stevens, and Dr. T. D. A. Cockerell for lending me many spec- 
imens from their collections. Further appreciation is here expressed to the authorities 
of the University of Kansas, Canadian National Collection, California Academy of 
Sciences, Museum of Comparative Zoology, American Museum of Natural History, 
and United States National Museum, for permitting me to study or borrow specimens. 

2Friese, H., 1911, Apidae I, Megachilidae, Das Tierreich, 28: 8. 

’Titus, E. S. G., 1904, Notes on Osmiinae with descriptions of new genera and 
species, Jour. New York Ent. Soc., 12: 23. 
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The genus Heriades may be recognized by the following 
characters: 


Rather small, black; very coarsely punctate; maxillary palpi short, 
three- or four-segmented; mandibles bidentate in male, tridentate in 
female; tarsal segments two to four short and broad, cordate; notalices 
linear; posterior margin of scutellum rounded; postscutellum and base of 
propodeum nearly horizontal, the latter with a transverse series of pits; 
first tergite with an anterior, basal concavity, bounded by a strong 
carina; male with six exposed tergites and usually three exposed ster- 
nites; apex of abdomen of male curved strongly downward; sixth tergite 
of male simple, not dentate; seventh tergite of male concealed, consid- 
erably narrowed medially by basal and apical emarginations; fifth 
sternite of male with median, apical emargination; sixth sternite of male 
tapering apically, the apex curved downward. 


Hleriades as here restricted may be divided into three sub- 
genera. One of these, Heriades s. str., recognized by the pro- 
duced axillae, is confined to the old world. The other two groups 
are found in North America, and have rounded axillae. The 
position of certain Old World forms (e. g. H. sautert philippin- 
ensis Friese and //. moricei Friese) having rounded axillae is not 
known to me. Perhaps they may be placed in one of the Amer- 
ican groups, but it is more likely that they constitute a fourth 
subgenus. Since I have only a single female of the group, | 
would hesitate to offer a definite opinion at this time. As in 
ITeriades s. str. these species have the prepectal carina more 
strongly developed than in American forms. The characters of 
the hidden sternites of Heriades s. str. mentioned below are 
those of H. communis Cockerell. Considering the rather dis- 
tinctive female of //. truncorum, it is possible that the male 
sternites may differ somewhat from those described. 


CHARACTERS OF THE SUBGENERA OF HERIADES 


A. Axillae produced to points. 

Carinae of mandibles of female separated except apically; first sternite 

of male short, truncate apically; fifth sternite of male with a moderate 

sized apical emargination; sixth sternite of male with some soft, subapical 

hairs. (type Apts truncorum Linnaeus)................. Heriades Spinola 
AA. Axillae rounded. 

B. Carinae of mandibles of female separated except apically; first ster- 
nite of male large and produced to a rounded or pointed apex; fifth 
sternite of male produced to a broad, apical emargination; sixth 
sternite of male with some soft, subapical hairs. (type Megachile 
CPN CHUUNIN 6 6.6 kis ican cecwaanee eee Neotrypetes Robertson 

BB. Carinae of mandibles of female united on basal part of mandibles; 
first sternite of male short, truncate apically; fifth sternite of male 
with small, apical, median emargination; sixth sternite of male with 
two short, subapical rows of stout spines. (type Hertades carinatum 
CRO anise viecvasebccseecean Physostetha Michener, n. subg. 
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Figs. 1-26. Lower part of face of female: 1, H. carinata; 2, H. cressoni; 3, H. 
occidentalis; 4, H. gracilior; 5, H. variolosa; 6, H. texana; 7, H. crucifera. Figures 
1 to 7 are drawn to the same scale. Profile of first sternite of male: 8, H. occidentalis; 
9, H. gracilior; 10, H. carinata; 11, H. cressoni; 12, H. bruneri; 18, H. crucifera; 
14, H. teavittt crawfordi; 15, H. variolosa. Figures 8 to 15 are all drawn to the same 
scale, with the apex of the sternite to the left. 16, fifth sternite of male H. variolosa. 
Anterior margin of mandible of male: 17, H. gracilior; 18, H. occidentalis. Figures 
17 and 18 drawn to the same scale, with apex of mandible to the left. Sixth sternite 
of male: 19, H. léavitti crawfordt; 20, H. crucifera; 21, H. cressont; 22, H. carinata. 
Fifth sternite of male: 23, H. leavittt crawfordi; 24, H. crucifera; 25, H. cressoni 
26, H. carinata. Figures 16 and 19 to 26 all drawn to the same scale. 
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Subgenus Neotrypetes Robertson 


Robertson, 1918, Ent. News, 29: 91. 
Cockerell, 1931, Rev. Zool. Bot. Afr., 20: 336. 
Orthotype: Trypetes productus Robertson (= Heriades variolosa (Cresson)). 


KEY TO THE SPECIES OF NEOTRYPETES 


MALES 


. First sternite with posterior margin produced to median angle; ventral 
angle, in profile, less than one-third of distance from apex to base of 
sternite variolosa 

First sternite with posterior margin rounded 

. First sternite, in profile, with ventral angle less than one-third of distance 

from apex to base of sternite 
First sternite, in profile, with ventral angle more than one-third of distance 
from apex to base of sternite 

. Abdominal tergites finely punctate, punctures of first three tergites sep- 
arated by about one-half their diameters; abdominal pubescence yellow, 

bruneri 
Abdominal tergites coarsely punctate, punctures approximate; abdominal 
pubescence white crucifera 

. Length about 64% mm.; southeastern states leavitti crawfordi 

Length about 54% mm.; eastern Canada and northeastern United States, 
leavitti leavitti 


FEMALES 


. Malar space produced to angle beneath; anterior margin of mandible as seen 
from front concave in middle or a little beyond middle; apex of clypeus 
truncate or with emargination as wide as basal width of clypeus 

Malar space not produced or angulate; anterior margin of mandible as seen 
from front convex; apex of clypeus with emargination about half as wide as 
basal width of clypeus, or with tubercles separated by about same distance. .3 

. Basal end of ventral carina of mandible produced to a high tubercle or tooth 
less than one-half distance from base to apex of mandible; apex of clypeus 
a slightly concave truncation 

No strong tubercle or tooth on outer side of mandible; apex of clypeus 
shallowly emarginate crucifera 

. Punctures of dorsum of abdominal tergites two to six small and widely 
separated; pubescence of abdomen yellow or reddish 

Punctures of dorsum of abdominal tergites three to six large, and approx- 
imate at least on sixth tergite; pubescence of abdomen white 

. Apical half of wings rather dark brown 

Wings rather clear, costal margin apically dusky 

. Punctures of vertex usually less than half size of those of scutum; United 

Os 5s 4 oc.cussedudetvenss tagdaber snd cxdeevertsaeea variolosa variolosa 
Punctures of vertex more than half size of those of scutum; Yucatan, 
variolosa purpurascens 


Heriades texana Michener, n. sp. 


Female.—Pubescence white; labrum with low, longitudinal, basal 
tubercle; mandible with two longitudinal carinae extending almost 
two-thirds of distance from apex to base, ventral carina ending basally 
in a large tooth; distance between first and second teeth of mandible 
distinctly less than half distance between second and third teeth; malar 
space below produced to a tubercle, which extends as a short, raised, 
shiny line behind lower end of eye; apex of clypeus with slightly concave 
truncation, broader than basal width of clypeus; surface of clypeus 
evenly and slightly convex; punctation of basal half of clypeus slightly 
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finer than that of supraclypeal area, punctation of apical half of clypeus 
finer and close; under side of flagellum dusky black; punctation of vertex 
and mesepisternum hardly finer than that of scutum; scutellum except 
apically punctured a little less closely than scutum; base of propodeum 
with about six very large pits; wings slightly dusky; first and second 
abdominal tergites finely and rather closely punctate dorsally; tergites 
three to five coarsely and quite closely punctate; tergites one to five 
each with narrow, apical, white bands of hair. Length nearly 7 mm. 


Holotype female: Kerrville, Texas, April 12, 1907, on Mar- 
rubium vulgare (F. C. Pratt, U. S. N. M.) 

This extraordinary species is known from the unique type 
only. It differs from all other forms of the subgenus Neotrypetes 
by the broadly truncated margin of the clypeus and the large 
tooth or tubercle on the outer side of the mandible. Seen from 
the front this tubercle might be confused with the raised carina 
of H. gracilior, but it is really a very different structure, being 
associated with the ventral, not the dorsal carina of the man- 
dible. Although this species probably belongs to Neotrypetes, its 
position cannot be certainly determined until males are 
discovered. 


Heriades (Neotrypetes) crucifera Cockerell 
crucifera Cockerell, 1897, Ann. & Mag. Nat. Hist., (6) 20: 137, @ 


Female.—Pubsecence white; labrum with one longitudinal, median, 
basal tubercle; mandible with two, widely separated, weak carinae 
diverging toward base, and a short, strongly raised, longitudinal ridge 
above them near base of mandible; distance between first and second 
teeth of mandible about half distance between second and third; lower 
part of malar space produced to an angle; clypeus with a pair of sub- 
marginal tubercles, separated by slightly more than basal width of 
clypeus, margin between them concave; upper part of clypeus as 
coarsely punctate as supraclypeal area; lower part of clypeus finely 
punctate between tubercles; wings slightly dusky; first two tergites 
rather finely punctate, third and fourth more coarsely so, fifth and 
sixth nearly as finely so as second; punctures of tergites one to three not 
close, those of remaining tergites, especially last two, approximate. 
Length 6 to 7 mm. 

Male.—Shortest distance between eyes slightly greater than half 
length of eye; first segment of flagellum nearly twice as broad as long; 
anterior margin of mandible straight basally; labrum with basal raised 
area; posterior margin of first sternite rounded; sternite as seen in 
profile with a prominent raised angle or broad tubercle over two-thirds 
of distance from base to apex; profile of sternite basad to angle concave; 
profile distad to angle strongly concave; tergites closely punctured; 
profile of sixth tergite somewhat raised apically; apex of sixth sternite 
strongly curved downward, subapical hairs about as in crawfordi but 
less abundant. 
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This species is found in New Mexico and Arizona. Type 
locality: Santa Fe, New Mexico. Type in the United States 
National Museum. 

New Mexico: Highrolls, June 14, 1902 (Acad. Nat. Sci. 
Philadelphia). Arizona: Southern Arizona, August, 1902 (F. H. 
Snow, Univ. of Kansas) ; Oak Creek Canyon, 6000 feet elevation, 
August (F. H. Snow, Univ. of Kansas); Ramsey Canyon, 
Huachuca Mountains (W. H. Mann, Mus. Comp. Zool.). 

The female of this species is here described for the first time. 
It is abundantly distinct from all related species by the char- 
acters of the mandibles, clypeus, and malar space. The males 
are distinguished by the form of the first sternite. I have not 
compared them directly with the type, but my notes on, and 
sketches of, the type agree with the specimens before me. 


Heriades (Neotrypetes) variolosa variolosa (Cresson) 


variolosa Cresson, 1872, Trans. Am. Ent. Soc., 4: 270 (Megachile), 9 

variolosum Cresson, 1876, Proc. Davenport Acad. Sci., 1: 209.- 

odontophora Schletterer, 1889, Zool. Jahrb., Abt. f. Syst., 4: 679, 9, n. syn. 

asteris Cockerell, 1897, Ann. & Mag. Nat. Hist., (6) 20: 135, <7, n. syn. 

barbatus Robertson, 1903, Trans. Am. Ent. Soc., 29: 171 (Trypetes), 7 not 9, n. syn. 

carinatus Robertson (misidentification), 1903, Trans. Am. Ent. Soc., 29: 171 
(Trypetes), Q not o, n. syn. 

productus Robertson, 1905, Can. Ent., 37: 236 (Trypetes), oc, n. syn. 


Female.—Pubescence white; labrum with one basal tubercle; man- 
dible with two widely separated carinae, extending nearly to base; no 
tubercle on anterior side of mandible; distance between first and second 
teeth of mandible but little less than distance between second and third 
teeth; clypeus above as coarsely punctate as supraclypeal area; anterior 
margin of clypeus with emargination about half as wide as base of 
clypeus; usually two tubercles or a broad bilobate tubercle on each side 
of emargination; wings rather pale; first and second tergites distinctly 
more finely punctate than following tergites; punctures basad to trans- 
verse basal groove of second tergite coarse; punctures of third tergite a 
little finer than, and more widely separated than those of fourth, 
especially posteriorly; punctures of fourth tergite about the same size as 
those of fifth, but separated in most cases by about one third the width 
of a puncture; punctures of fifth tergite coarse and close, those of sixth 
a little finer, especially posteriorly, and also close. Length 6 to 7 mm. 


Male.—Shortest distance between eyes only slightly greater than 
half length of eye; first segment of flagellum scarcely longer than broad; 
anterior margin of mandible slightly convex basally; labrum with basal 
raised area; legs, especially anterior pair, often partly red; wings pale 
dusky; first sternite produced far over the second, often touching sixth 
tergite, its apex pointed; profile of first sternite with angle a little over 
two-thirds of distance from base to apex; punctures of abdomen similar 
to those of female, but those of first two tergites coarser and rather 
close, punctures of third tergite coarse and slightly separated, those of 
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fourth coarse and close (there remains the abrupt change in punctation 
between second and third tergites, as in female); profile of sixth tergite 
straight apically; sixth sternite somewhat down curved apically, sub- 
apical hairs sparse. Length 5 to 6 mm. 


This species occurs in southern Canada and the northern and 
eastern United States. It is apparently absent from California, 
the Great Basin region, and the southwestern deserts. The 
following localities appear to mark the limits of the range in so 
far as it is now known: Wilmington, North Carolina (T. B. 
Mitchell) ; Browns Mills, New Jersey; Ottawa, Ontario (F. W. L. 
Sladen); Edmonton, Alberta (E. H. Strickland); Yakima, 
Washington; Baker, Oregon; Aspen, Colorado; Beulah, New 
Mexico; Brownsville, Texas; Keatchie, Louisiana. Except in 
Texas, where it must be abundant, this species is apparently less 
common than the other widely distributed species, H. carinata. 
The flight period of this species is apparently from early April to 
late September. All April and May records are for the southern 
part of the range. Flower records: Carduus undulatus, Chrysopis 
pillosa; Epilobium angustifolium, Grindelia squarrosa, Melilotus 
officinalis and M. alba; Monarda citrodora; Rhus glabra, Rud- 
beckia amplericaulis, Solidago, Sonchus arvensis, Verbesina 
encelioides. 

Type locality: Texas. Lectotype in the collection of the 
Academy of Natural Sciences of Philadelphia. 

The coloration of the legs of males is variable. Usually they 
are black, with some red on the fore femora and tibiae. Rarely 
they are entirely black, or largely red. Specimens from Texas 
usually show slightly greater contrast in punctation between 
the second and third tergites than more northern individuals. 
One of the two females from Aspen, Colorado, and some females 
from North Dakota have the emargination of the clypeus nar- 
rower and deeper than usual, and the tubercles on either side 
broad, nearly entire, somewhat produced, and extending lat- 
erally for some distance as distinct ridges. These specimens may 
possibly represent a distinct species. Many females have a 
narrow, single tooth on each side of the clypeal emargination, 
instead of a broad crenulate tooth. These also may represent a 
distinct species, but the quantity of material at hand is too 
small to permit any sound division of variolosa. I have not yet 
found any correlation between these variations and distribution, 
nor have I found the variations of the males to correspond to 
those of the females. 
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Heriades (Neotrypetes) variolosa purpurascens (Cockerell) 
purpurascens Cockerell, 1931, Ann. & Mag. Nat. Hist., (10) 8: 543, (carinata 
subsp.), @ 
Female.—Similar to H. variolosa variolosa but punctures of vertex 
larger, over half size of those of scutum. 


Type locality: Chichenitza, Yucatan, Mexico. TJ'ype in the 
Museum of Comparative Zoology, Cambridge, Massachusetts. 

This form shows the very strong contrast between the punc- 
tures of the second and third tergites, as in most Texan exam- 
ples of vartolosa. Considering the fact that some specimens 
from the United States practically match purpurascens, this 
subspecies is very doubtfully distinct. However, in the absence 
of material of both sexes from Yucatan, it-seems inadvisable to 
place purpurascens as a synonym. 


Heriades (Neotrypetes) ~eage Titus 
brunerit Titus, 1904, Jour. N. Y. Ent. Soc., 12: 24, 9, 
rufocaudatus Friese, 1925, Stett. Ent. Zeit., 86 (2): 34 (Eriades), 9, o, n. syn. 

Female.—Pubescence of head and thorax white, that of abdomen 
yellow or reddish and abundant on discs of fifth and sixth tergites, in 
addition to forming the usual bands; labrum with one basal tubercle; 
mandible with two carinae, extending nearly to base; no tubercle on 
anterior face of mandible; distance between first and second mandibular 
teeth but little less than distance between second and third; punctures of 
basal part of clypeus as coarse as those of supraclypeal area, but apical 
half of clypeus finely punctate; anterior margin of clypeus with a shallow 
emargination about half as wide as basal width of clypeus and bounded 
by a tubercle on each side; wings dusky; first tergite of abdomen rather 
finely and closely punctate; tergites two to six more finely and not 
closely punctate. Length 6 mm. 

Male.—Similar to female; shortest distance between eyes distinctly 
less than two-thirds length of eye; first flagellar segment distinctly 
broader than long; anterior margin of mandible, seen from front, nearly 
straight sub-basally; labrum with basal raised area; apex of first sternite 
rather narrowly rounded; profile of first abdominal sternite showing a 
rounded angle about two-thirds of distance from base to apex; punctures 
of abdomen slightly larger than in female; profile of sixth tergite strongly 
raised apically, the tergite margined by a distinct carina. Length 6 mm. 


This species is known only from Costa Rica, where it is 
apparently not uncommon. Type locality: Juan Vinas, Costa 
Rica. Holotype in United States National Museum. 

Specimens of rufocaudata labeled ‘‘Typus” in the American 
Museum of Natural History are the same species as brunert. 

The fine punctation of the abdominal tergites and the yel- 
low abdominal pubescence distinguish this species in both sexes 
from all relatives. 
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Heriades (Neotrypetes) leavitti leavitti Crawford 
leavittt Crawford, 1913, Can. Ent., 45: 270, @ 


Male.—Pubescence white; shortest distance between eyes little 
over half length of an eye; first segment of flagellum a little broader than 
long; anterior margin of mandible seen from front straight basally; 
labrum with basal raised area; outer half of wings brownish dusky; first two 
tergites dorsally rather finely and closely punctate; third tergite slightly 
more coarsely and less closely punctate; remaining tergites rather finely 
and closely punctate; profile of sixth tergite, seen from side, with slight 
subapical depression; apex of first sternite rounded; first sternite seen in 
profile with a low rounded angle between one half and two thirds of 
distance from base to apex. Length 5 mm. 


Type locality: Nerepis, New Brunswick. Type in United 
States National Museum. All records of this species or its sub- 
species are from low coastal or near coastal regions along the 
Atlantic Ocean and the Gulf of Mexico. 

A single specimen from New York (no further data) is prob- 
ably referable to typical leavittt, Some small female specimens 
from Mound, Louisiana, and Brownsville, Texas have the 
abdomen more finely punctate than in H. leavttti crawfordt. 
These probably represent a distinct species or subspecies, but 
in view of the small number of specimens and the absence of 
males it seems best not to describe it at present. 


Heriades (Neotrypetes) leavitti crawfordi (Graenicher) 
crawfordi Graenicher, 1928, Ent. News, 39: 281, 9, o 


Female.—Pubescence white; labrum with one basal tubercle; outer 
face of mandible with two widely separated carinae, extending nearly to 
base; no tubercle on anterior face of mandible; distance between first 
and second teeth of mandible but little less than between second and 
third; upper part of clypeus as coarsely punctate as supraclypeal area; 
anterior margin of clypeus about as in variolosa; apical half of wings 
dusky; punctures of first and second tergites rather fine, somewhat 
separated, coarser near bases of tergites; punctures of third and fourth 
tergites somewhat coarser than those of second and perhaps a little more 
widely separated, those of fourth a little finer than those of third; 
punctures of fifth tergite a little finer than those of fourth, and less 
distinctly separated; punctures of sixth tergite finer and close. Length 
about 7 mm. 

Male.—Similar to H. leavitti leavitti but larger; length 6 to 64% mm. 
Apex of sixth tergite bent downward, with many subapical hairs. 


Type locality: South Miami, Florida. Type in the United 
States National Museum. 

Florida: Coral Gables, May 23, 1934 (H. Pearson, Mitchell 
collection) ; Jacksonville (A. T. Slosson, U. S. N. M.); Biscayne 
Bay (A. T. Slosson, U. S. N. M.). 
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Georgia: (no locality, Acad. Nat. Sci. Philadelphia). 

This form appears to be a weak subspecies, but typical 
leavitti is very imperfectly known and the two forms may 
exhibit differences not now apparent. 


Subgenus Physostetha Michener, n. subg. 


The distinguishing characters of this subgenus are given in 
the key to the subgenera. Physostetha is perhaps most closely 
related to Neotrypetes, resembling it in the shape of the axillae, 
but differing in the carinae of the mandibles of the female and 
the characteristics of the sternites of the male. However, the 
male sternites resemble those of Heriades s. str. in many respects, 
the first sternite being short and truncated in both groups. 

Type of the subgenus: Heriades carinata Cresson. 


KEY TO THE SPECIES OF PHYSOSTETHA 


MALES 


. Tubercle of first sternite more than two-thirds of distance from base to apex 
of sternite, emarginate seen from anteriorly or posteriorly, in profile 
appearing as a rather slender tooth, directed slightly posteriorly... .cressoni 
Tubercle of first sternite less than two-thirds of distance from base to apex 
of sternite, not or hardly emarginate, and seen in profile low or robust, not 
tooth like 
2. Tubercle of first sternite high, so that its sides, if projected, would meet at 
an acute angle 
Tubercle of first sternite low, so that its sides, if projected, would meet at an 
obtuse angle 
3. Outer edge of mandibles seen from front with sub-basal low rounded projection, 4 
Outer edge of mandible seen from front rather evenly rounded except at 
extreme base occidentalis 
Sixth sternite ending is a ligulate recurved apical process gracilior 
Sixth sternite with a rounded apex, hardly turned downward timberlakei 


FEMALES 


Labrum with two small basal tubercles; anterior margin of clypeus with 
rather broad median emargination; mandibles with an elongate tubercle on 
anterior face basad to middle, but no tubercle or elevated carina at point 
of union of carinae cressoni 

Labrum with one small basal tubercle; anterior margin of clypeus with 
lateral tubercles; mandibles without tubercle on anterior face, but with a 
carina usually raised almost to a tubercle at point of union of carina 

. Tubercles of margin of clypeus rather low and rounded, broad; clypeus 
most highly elevated but little beyond the middle; dorsal carina near 
point of union of mandibular carinae strongly elevated 

Tubercles of margin of clypeus narrow, rather acute; clypeus most highly 
elevated just before apex; raised carina at point of union of mandibular 
carinae not strong 

Distance from base of mandible to tubercle on outer side of mandible (point 
of union of mandibular carinae) about one-third distance from tubercle to 
apex of mandible occidentalis 

Distance from base of mandible to tubercle on outer side of mandible (point 
of union of mandibular carinae) about one-half distance from tubercle to 
apex of mandible 

Punctures of disc of scutum separated by about one-fourth their diameters or 
MORK 0 vince Hiab 62K Ub ee ee adder Geek Ke aene euree ay ae aan a neeee gracilior 

Punctures of disc of scutum separated by about one-half their diameters, 

timberlakei 
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Heriades (Physostetha) carinata Cresson 


carinatum Cresson, 1864, Proc. Ent. Soc. Phila., 2: 383, 9, co’. 

glomerans Schletterer, 1889, Zool. Jahrb., Abt. f. Syst., 4: 681, 9. 

barbatus Robertson, 1903, Trans. Am. Ent. Soc., 29: 171 (Trypetes), 9, not o. 
carinatus Robertson, 1903, Trans. Am. Ent. Soc., 29: 171 (Trypetes), 9, not co’. 
gracilior Cockerell, 1907 (misidentification), Univ. Colo. Stud., 4: 253. 


Female.—Slender species with white pubescence; labrum with small 
basal tubercle; mandible with carinae meeting at point over one-third 
distance from base to apex of mandible; dorsal carina at point of union 
of carinae raised, appearing as a tubercle when seen from front; carina 
basad to point of union of carinae continued in direction of ventral 
carina; no large tubercle on anterior face of mandible; distance between 
first and second teeth of mandible hardly over one-half distance between 
second and third teeth; tubercles of anterior margin of clypeus rather 
narrow, separated by a distance equal to basal width of clypeus; margin 
between tubercles straight; greatest elevation of clypeus, beyond which 
the surface descends abruptly to the anterior margin, reached just basad 
to anterior margin; wings somewhat dusky; punctures of first two ter- 
gites of moderate size, not close, those of first coarser anteriorly; third 
tergite with punctures slightly larger than second but not approximate; 
fourth and fifth tergites with still larger close punctures; sixth tergite 
with dense finer punctures. Length 6 to 8 mm. 


Male.—Distance between eyes a little less than length of eye; first 
segment of flagellum considerably broader than long; outer margin of 
mandible, seen from front, slightly sinuate basad to middle but not at 
all angulate; first sternite broader than long, truncate at apex, with high 
tubercle about midway between base and apex; posterior side of tubercle 
not flattened; anterior and posterior sides of tubercle, if projected, would 
meet at an acute angle; lateral corners of truncation of first sternite 
polished and shiny; punctures of abdomen similar to those of female, 
those of fourth to sixth tergites finer though approximate; profile of sixth 
tergite raised to a narrow, slightly concave, apical marginal area; sixth 
sternite slightly bent down apically, with two divergent rows of stout 
spines, each row containing four spines. Length 6 to 7 mm. 


This species ranges through southern Canada, northern and 
eastern United States. It is apparently absent from California, 
the desert regions of the southwest, and possibly from the 
southern Mississippi Valley. The following localities appear to 
delimit the range in so far as it is now known: Tifton, Georgia; 
Nerepis, New Brunswick; Kirks Ferry, Quebec (F. W. L. 
Sladen); Lethbridge, Alberta (E. H. Strickland); Merritt (J. 
Nottingham) and Vancouver, British Columbia; Pelican Bay, 
Klamath County, Oregon (H. A. Scullen); Vivian Park, Utah 
(E. P. Van Duzee); Boulder, Colorado (C. D. Michener) ; Santa 
Fe, New Mexico (H. A. Scullen); Fedor, Texas. The flight 
period of this species is apparently from early April to late 
August, all records of April and May captures being for southern 
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states, and the period of maximum abundance apparently falling 
in July, at least in the north. Flower records: Allium stellatum, 
Amorpha canescens, Asclepias speciosa, Aster sagittifolius, Con- 
vovulus arvensis, Cleome serrulata, Kuhnistera oligophylla, Lactuca 
pulchella, Lygodesmia juncea, Medicago lupulina, Monarda, 
Rubus, Rhus glabra, Solidago, Symphoricarpus occidentahs, 
Tamerix, Zizia aurea. 

Type locality: Pennsylvania. Lectotype in the collection of 
the Philadelphia Academy of Sciences. 

Although I have not examined the types of glomerans and 
barbatus, the synonomy indicated above appears to be correct. 


Heriades (Physostetha) occidentalis Michener, n. sp. 


Black with white pubescence, having the appearance of a small 
H. carinata. Length 54% to 6% mm. 

Female.—Labrum with one basal tubercle; carinae on outer side of 
mandible meeting at a point about one-third of distance from base to 
apex of mandible; dorsal mandibular carina somewhat elevated at point 
of union of carinae; carina basad to point of union of mandibular carinae 
continued nearly in direction of ventral carina; distance between first 
and second teeth of mandibles about one-half distance between second 
and third teeth; anterior margin of clypeus with a pair of narrow 
tubercles, separated by about length of basal width of clypeus; margin 
between tubercles straight but premarginal elevation strongly convex 
medially; greatest elevation of clypeus, beyond which the surface 
descends sharply to margin, just before apex; clypeus finely and closely 
punctate; rest of head and thorax coarsely punctate; cheeks, supra- 
clypeal area, and sides of face more finely punctate than vertex; punc- 
tures of scutellum more widely separated than those of scutum; 
mesepisternum with smaller punctures than scutum; dorsum of propo- 
deum with about ten pits; dorsum of first two tergites with moderate 
sized punctures, those of first larger anteriorly; third tergite with 
punctures slightly larger than second; fourth and fifth tergites with 
still larger, close punctures; abdominal tergites one to five with narrow 
apical white pubescent fasciae. 


Male.—Similar to female; first segment of flagellum somewhat 
broader than long; remaining segments of flagellum about one and one- 
half times as long as broad; anterior margin of mandible, seen from 
front, rounded except for basal elevation; eyes where closest separated 
by somewhat over two-thirds of length of eye; labrum with basal 
raised area; first sternite a little longer than broad, with somewhat 
produced, median, apical, slightly concave truncation, and an elevation 
about three-fifths of distance from base to apex of sternite; posterior 
face of elevation somewhat flattened and hairy; anterior and posterior 
face of tubercle if projected, would meet at an angle of about 100°, or 
somewhat more; punctures similar to female, but those of first tergite 
coarser, and those of sixth slightly coarser; profile of sixth tergite seen 
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from side rather strongly raised to a narrow apical marginal area; sixth 
sternite similar to that of carinata (with either three or four spines per 
row in various paratypes). 


Holotype female (Calif. Acad. Sci., Ent., No. 4598) and 
allotype male (Calif. Acad. Sci., Ent., No. 4599): Idyllwild, San 
Jacinto Mountains, California, July 8, 1928 (E. C. Van Dyke). 
Five paratypes, same locality, same date and July 25, 1928 
(E. C. VanDyke) and one on Sidalcea malvaeflora, July 3, 1930 
(P. H. Timberlake). Additional paratypes, all from California: 
two, Altadena, on Opuntia, June 1, 1935 (C. D. Michener) ; 
three, Eagle Rock Hills, Los Angeles County, on Stephanomeria, 
June 22, 1934, and June 30, 1933 (C. D. Michener); six, Lone 
Pine Creek, San Gabriel Mountains, on Eriodictyon trichocalyx, 
June 16, 1928, and July 4, 1933 (P. H. Timberlake); eight, San 
Gabriel Mountains, Los Angeles County, 3000 to 3500 feet 
elevation, May 28, June 4 and 5, and July 2, 1910 (F. Grinnell, 
Jr., U. S. N. M.); seven, Sheep Creek, San Gabriel Mountains, 
on Eriodictyon trichocalyx, June 3, 1928 (P. H. Timberlake) ; 
two, Strawberry Valley, San Jacinto Mountains, July 25, 1912 
(J. C. Bridwell, U. S. N. M.); two, San Jacinto Mountains, 
July, 1912 (J. C. Bridwell, U. S. N. M.); one, Switzer’s Camp, 
San Gabriel Mountains, July 27 (N. Banks collection, M. C. Z.); 
two, Mountain Home Creek, San Bernardino Mountains, on 
Eriogonum fasciculatum, August 14, 1934, and July 4, 1935 
(P. H. Timberlake). 

Additional specimens are from Mount St. Helena, California, 
May 6, 1936 (E. C. VanDyke); Tamalpais, California, June 20, 
1926 (O. H. Sweezey); Menlo Park, July, 1937 (F. X. Williams) ; 
Warner Springs, California, May 9, 1936, on Frasera parryi 
(P. H. Timberlake); Corvallis, Oregon, July 6, 1936 (G. 
Ferguson). 

This species differs from H. gracilior in the male by the 
longer antennae, larger size, higher and more basal tubercle of 
the first sternite, and the evenly curved outer margin of the 
mandibles. The female is most similar to that of H. carinata, 
differing by the more basal position of the angle (point of union 
of carinae) on outer side of mandible. 


Heriades (Physostetha) gracilior Cockerell 


gractlior Cockerell, 1897, Ann. & Mag. Nat. Hist. (6) 20: 138, 9. 
Cockerell, 1904, Ann. & Mag. Nat. Hist. (7) 14: 25. 


Female.—Pubescence white; labrum with one basal tubercle; carinae 
of outer side of mandible meeting less than one-third of distance from 
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base to apex, the dorsal carina greatly elevated near point of union, 
forming a conspicuous tubercle when seen from front; no tubercle on 
anterior face of mandible; distance from first to second tooth of mandible 
less than half distance from second to the reduced third tooth; margin of 
clypeus with a pair of broad rounded tubercles, separated by straight 
margin about as long as basal width of clypeus; clypeus strongly ele- 
vated, reaching highest point between one-half and two-thirds of 
distance from base to apex; clypeus finely punctate, shiny and not 
closely punctate on most elevated part; supraclypeal area more closely 
punctate than clypeus; punctation of thorax usually somewhat finer 
than that of carinata; punctures of scutum mostly separated by about 
one-fourth their widths; punctures of first three tergites separated by 
shiny ground, those of third tergite slightly coarser than second; punc- 
tures of fourth and fifth tergites larger and quite close; punctures of sixth 
tergite finer and close. Length 614 to 8 mm. 

Male.—Shortest distance between eyes about two-thirds length of 
an eye; first segment of flagellum as long as broad; anterior margin of 
mandible with a distinct sub-basal expansion or elevation, visible when 
viewed from front; labrum with basal raised area; punctation of tergites 
similar to that of female but finer; sixth tergite with strong apical 
carina, so that profile is strongly raised apically; first sternite with low 
elevation beyond middle; anterior and posterior faces of elevation of 
first sternite, if produced, would meet at an angle of 115° or more; 
truncation of first sternite rather short and produced, slightly concave; 
sixth sternite with a large recurved ligulate process at apex, and with 
two rows of three or four spines each as in carinata. Length 51% to6mm. 


This species occurs in New Mexico and Colorado. Type 
locality: Soledad Canyon, Organ Mountains, New Mexico. 
Type in the United States National Museum. 

New Mexico: Highrolls, May and June (Acad. Nat. Sci. 
Phila.) ; ten miles east of Santa Fe, 7250 feet elevation, June 27, 
1931 (H. A. Scullen). 

Specimens from Rio Ruidoso, White Mountains, New Mex- 
ico; Tenez Mountains, New Mexico, and Arboles, Colorado, 
probably belong to gracilior, although I have not studied them 
since receiving the series described below as timberlaket. 

Previous Colorado records, so far as I am able to ascertain, 
refer not to gracilior but to carinata. H. gracilior is unique 
among American species in having an apical, strongly recurved 
process on the sixth sternite of the male. 


Heriades (Physostetha) timberlakei Michener, n. sp. 


This species has the aspect, and with few exceptions the 
structures, of H. gracilior. 


Male.—Pubescence white; shortest distance between eyes about 
two-thirds length of an eye; first segment of flagellum about as long as 
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broad; anterior margin of mandible, seen from front when mandible is 
closed, with a distinct sub-basal elevation; labrum with basal, slightly 
tuberculate, raised area; clypeus finely punctured; supraclypeal area 
more finely punctured than vertex; punctures of vertex as large as 
those of scutum; punctures of scutum separated from one another by 
an average of one-third their widths of shiny ground; punctures of 
scutellum more distantly separated; mesepisternum with punctures 
slightly larger than those of scutum; wings slightly grayish; base of 
propodeum with a transverse row of about ten pits; abdominal tergites 
one to five with narrow apical bands of white pubescence; first three 
abdominal tergites with coarse punctures separated by some shiny 
ground, those of second tergite finer than those of first or third; punctures 
of fourth, fifth, and sixth tergites approximate, those of fourth slightly 
larger than those of third; profile of sixth tergite raised apically to a 
narrow elevated margin, and sixth tergite terminating in a further ele- 
vated carina; apex of first sternite a median, somewhat concave trunca- 
tion; profile of first sternite raised to an elevation somewhat beyond 
middle, anterior and posterior faces of elevation, if produced, would 
meet at an angle of about 125°; fifth sternite with narrow, median notch 
(as figured for carinata); sixth sternite rounded apically (less produced 
than in carinata), with but two (three in some paratypes) spines per 
row. Length 64% mm. 

Female.—Similar to male; labrum with one basal tubercle; carinae of 
outer side of mandible meeting at a point less than one-third distance 
from base to apex of mandible, dorsal carina greatly elevated near 
point of union; distance from first to second tooth of mandible less than 
one-half distance from second to third; anterior margin of clypeus with 
a pair of broad, rounded tubercles between which is the straight margin 
about as long as basal width of clypeus; greatest elevation of clypeus, 
beyond which surface descends abruptly to anterior margin, reached 
about two-thirds of distance from base to apex of clypeus; punctures of 
scutum separated by nearly one-half their widths; punctures of abdomen 
slightly coarser than in male. Length 7 mm. 


Holotype male, Prescott, Arizona, June 29, 1932, on Asclepias 
tuberosa (P. H. Timberlake) ; allotype female, same locality and 
collector, July 5, 1932, on Nolena. Paratypes: twenty-one, 
Prescott, Arizona, June 27, 28, 29, 30, 1932, on Asclepias 
tuberosa, Opuntia, and Erigeron; two, Prescott, Arizona, July 10, 
1896 (R. E. Kinze, Baker collection, U. S. N. M.); three, six 
miles northwest of Prescott, Arizona, July 4, 1932, on Cylia 
dropuntia. The holotype, allotype, and most of the paratypes 
will be found in the collection of Mr. P. H. Timberlake at the 
Citrus Experiment Station, University of California, at River- 
side, California. Other paratypes will be placed in the collec- 
tions of the United States National Museum, the California 
Academy of Sciences, and the author. 
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Among the paratypes there is some variation in the size of 
the elevation of the first abdominal sternite of the male, as well 
as in length, some females being 9 mm. long. Two males from 
Prescott, Arizona (Oslar) are about 6 mm. in length and the 
antennae, legs, and sides of abdomen are suffused with brown. 
A male specimen with an unusually strongly elevated first 
sternite and abundant pubescence is from Baboquivari Moun- 
tains, Arizona, August 10, 1924 (O. C. Poling, Calif. Acad. Sci.). 
Specimens from Grand Canyon, Arizona, probably belong to 
timberlaket. 

This species is very closely related to H. gracilior Cockerell. 
The male is easily distinguished from that species, however, if 
the abdomen is uncurled or the sternites removed, by the sixth 
sternite which is hardly bent downward apically, whereas in 
gracilior it is furnished with a long recurved apical process. 
Other distinguishing characters in the male are the smaller num- 
ber of spines on the sixth sternite and the apical, raised, marginal 
area basad to the apical carina of the sixth tergite (in gracilior the 
profile of the tergite rises evenly to the marginal carina). The 
females of these two species are sometimes nearly indistinguish- 
able, though normally the punctures of gracilior are closer than 
those of timberlakei. The punctures of the scutum of gracilior 
are usually nearly approximate, while in timberlakei they are 
often separated by nearly one-half their diameters. 


Heriades (Physostetha) cressoni Michener, n. sp. 


?carinata Cockerell (misidentification), 1897, Ann. & Mag. Nat. Hist., (6) 20: 137. 
carinata Cockerell (misidentification), 1980, Am. Mus. Novit., 397: 4, 9. 


Rather small, not elongate, black species, having much the 
same aspect as variolosus. Length 5 to 6 mm. 


Female.—Labrum with two basal tubercles, one on either side of the 
midline; carinae on outer side of mandibles close together, meeting at a 
point a little less than one-third of distance from base to apex of man- 
dibles; carina basad to point of union of mandibular carinae continued 
in direction of dorsal carina; no tubercle or elevated carina at point of 
union of mandibular carinae, but on anterior face of mandible, just distad 
to point of union of carinae, there is a conspicuous elongate tubercle or 
short ridge; distance from first to second tooth of mandible about 
two-thirds distance from second to third; anterior margin of clypeus with 
a broad emargination, not as wide as basal width of clypeus; clypeus 
finely and closely punctured, rest of head closely and coarsely so, cheeks, 
supraclypeal area, and sides of face more finely so than vertex; flagellum 
dusky beneath; scutum punctured about like the vertex, posterior part 
with punctures hardly separated; scutellum with more widely separated 
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punctures; mesepisternum with smaller and more widely separated 
punctures than scutum; metapleura finely and closely punctate; dorsum 
of propodeum with eight or ten pits; apical half of wings slightly dusky; 
small segments of tarsi dusky; dorsum of first tergite with moderate 
sized punctures, separated by a little shiny ground; second tergite a 
little more coarsely punctate; third tergite still more coarsely punctate; 
fourth tergite with punctures a little closer than, though of the same 
size as, third; fifth and sixth tergites with slightly finer, close, punctures; 
sides of all tergites rather closely punctured; abdominal tergites one to 
five with narrow apical white pubescent fasciae. 

Male.—Shortest distance between eyes over two-thirds length of an 
eye; first flagellar segment a little longer than broad; mandible seen 
from front with slight basal depression, throwing into relief a slight 
sub-basal angle; basal elevation of labrum with median tubercle on each 
side of which is another tubercle; first sternite short, truncate at apex, 
with large tubercle over two-thirds of distance from base to apex of 
sternite, tubercle slender and sloping slightly posteriorly when seen from 
side, and emarginate when seen from front or rear; profile of sternite, 
from apex of tubercle to apex of sternite, strongly concave; punctures of 
first two tergites a little larger than those of female, of following tergites 
a little smaller than those of female; profile of sixth tergite, seen from 
side, with slight broad depression subapically, the apex not raised; sixth 
sternite slightly down-curved apically, with two nearly transverse rows 
of flattened spines (in paratypes dissected). (See figure.) 


Holotype female (Calif. Acad. Sci., Ent. No. 4600) and allo- 
type male (Calif. Acad. Sci., Ent. No. 4601): Bluff Lake, San 
Bernardino Mountains, California, July 15, 1934 (C. D. Mich- 
ener). Two paratypes are topotypical. Additional paratypes, all 
from California, are as follows: three from Big Bear Valley 
(Lake), San Bernardino Mountains, August 21, 1932 (C. D. 
Michener); one from same locality (Bear Valley), August, 1913 
(F. C. Clark, Calif. Acad. Sci.); twenty-five from same locality, 
August 7, 9, 11, and 13, 1933, on Aster canescens, A. parshii, 
Gayophytum ramosissimum, Geranium richardsoni, Helenium 
bigelovit, Solidago californicus, S. confinis (P. H. Timberlake); 
two from Rathbon Creek, San Bernardino Mountains, August 
25, 1932 (C. D. Michener); one from Idyllwild, San Jacinto 
Mountains, August 12, 1934, on Eriogonum nudum (C.D. Mich- 
ener); two from same locality, July 7, 1928 (E. C. Van Dyke, 
Calif. Acad. Sci.); two from Tokopah Valley, Sequoia National 
Park, August 20 and 21, 1933, on Eriogonum wrightii; one from 
Florence Lake, Fresno County, July, 1931 (C. D. Michener) ; 
three from Peppermint Meadows, Tulare County, June 29, 
1935 (W. A. Evans); one from Huntington Lake, Fresno 
County, 7000 feet elevation, July 8 (F. C. Clark, Calif. Acad. 
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Sci.); one from Susanville, Lassen County, July 12, 1934 (E. P. 
Van Duzee, Calif. Acad. Sci.); one without definite locality 
data, No. 2353 (C. F. Baker collection, U.S. N. M.). Additional 
specimens (not paratypes) : 

Arizona: Coconino County, August 18, 1927 (P. A. Readio, 
Univ. of Kansas); Prescott, August 29 to September 1, 1930, on 
Erigeron, Gutierrezia, and Aplopappus gracilis (P. H. Timber- 
lake). New Mexico: Cloudcroft, June 17, 1902 (Acad. Nat. Sci. 
Phila.); Highrolls, June 13, 1902 (Acad. Nat. Sci. Phila.); 
Santa Fe, August, on Grindelia; Beulah, July. Colorado: 
Meadows, Estes Park, August 17, 1919 (Am. Mus. Nat. Hist.). 
California: Big Pines Camp, San Gabriel Mountains, July 13 to 
17, 1927, many on Erigeron stenophyllus, one on Potentilla 
gracilis; above Lake Arrowhead, San Bernardino Mountains, 
July 16, 1933, on Eriophyllum (P. H. Timberlake). Oregon: 
twenty-two miles west of Crater Lake, on Medford Road, 3750 
feet elevation, August 7, 1930 (H. A. Scullen); Pelican Bay, 
Klamath County, July 22, 1930 (H. A. Scullen); Corvallis, 
August 23, 1932 (H. A. Scullen). British Columbia: Lytton, 
July, 1913 (T. Wilson, Canad. Nat. Coll.). 

This is a very distinct species, recognized by the broad 
emargination of the clypeal margin of the female, the tubercles 
of the base of the labrum (two in the female, three in the male, 
one in all other species), the emarginate tubercle of the first 
sternite of the male, and the tubercle on the anterior face of the 
mandible of the female. 


CHECK LIST OF THE LEPIDOPTERA OF CANADA AND THE UNITED 
STATES OF AMERICA, Part I. MAacroLepipopTEera, by J. MCDUNNOUGH. 
Pages 1-272, 4to, (634 x 1044 inches, paper bound). Memoir, Vol. 1 of the 
SOUTHERN CALIFORNIA ACADEMY OF SCIENCES, Los Angeles Museum. Exposi- 
tion Park, Los Angeles, Calif. Price $4.00. 

This is a simple check list of names. It lists 5,229 numbered species besides 
subspecies and lesser forms, and gives no other data than the author of the species 
and the facts derivable from the taxonomic arrangement from superfamilies to 
aberrations. Over 12,000 names are involved as estimated from the index of 98 
pages. It is one of the very necessary tools of the collector and taxonomist. 

Doctor McDunnough was for nine years curator in charge of the Barnes Col- 
lection of Decatur, Illinois, which since Barnes’ death has been incorporated 
into the National Collection in Washington. The Barnes Collection is rated as 
one of the most complete (for North America) and best curated collections in 
the world. Being a Canadian, a graduate of the University of Toronto, with a 
Doctor’s from Berlin, McDunnough, in 1919, accepted the position of chief of the 
division of systematic entomology of the Dominion Department of Agriculture 
at Ottawa, where he has continued his studies of Lepidoptera and has done much 
to advance our knowledge of North American Ephemerida. With this record of 
excellent work, and experience as a curator, the Check List is probably as well 
done as could be with our present knowledge of the subject.—C. H. K. 





SOME ERYTHRONEURA FROM THE SOUTHWEST 
(HOMOPTERA: CICADELLIDAE) 


DorotHy JOHNSON KNULL, 
321 Twentieth Ave., Columbus, Ohio 
AND 
Mary AUTEN, 
Ashland College, Ashland, Ohio 


Descriptions of ten species or Erythroneura from the South- 
west are included here. Unless otherwise indicated all col- 
lections were made by D. J. and J. N. Knull, and specimens 
are deposited in the collection of the authors. 

Ovipositors were described and drawn by M. Auten. 

With the exception of E. juglandis which belongs to the 
Obliqua Group, these species belong to the group typical of 
southwestern forms, in which the inner male genitalia have two 
pygofer hooks. 


Erythroneura juglandis n. sp. 
(Figs. 1 and 11) 

This is a strikingly marked species of the Obliqua Group with but 
one pygofer hook and a diagnostic foot on the style in the inner male 
genitalia. It is quite unique in its color pattern. 

Background pale creamy white marked with yellow vittae and black 
to dark brownish gray areas. Vertex with broad golden yellow inverted 
V-shaped vitta not touching margins, its center filled from base with 
black rectangular wedge; scutellum, basal angles black margined with 
yellow, narrow median longitudinal strip white, apex black. Elytra 
pale, washed with golden yellow along costal margin and with two 
ordinary oblique stripes on corium and clavus; apical half of clavus and 
inner part to apex of scutellum filled with solid sooty stripe, also area 
of corium adjacent to apex of clavus and inner apical cell dark, spreading 
the stripe a bit in this region; outer apical cells smoky semihyaline. 
Below, venter pale, yellowish, pellucid, spot on thorax next to base of 
first leg, and tip of ovipositor dark. 

Inner male genitalia: Foot of style stout, heel about a right angle; 
anterior point sharp, less than right angle; posterior point about as 
long as foot is wide, stout, curving in slightly and narrowed to sharp 
point; oedagus from ventral view, shaft long and moderately heavy, 
lacking processes and tapering slightly from base; in lateral view wide, 
apex curving dorsad at more than right angle; pygofer hook single and 
of typical Obliqua Group form. 

On the oedagi in two of the male paratypes examined there appeared 
to be traces of delicate lateral median expansions. On one side of one 
was a rather large, triangular expansion with a sharp point directed 
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caudad on its outer edge. However such processes appeared to be 
entirely lacking on the oedagus of the holotype and of two other para- 
types. This species can be determined readily by its external markings 
alone. 

Female genitalia, the larger dentated blade of the ovipositor: Short 
narrow blade three times as long as wide; teeth becoming distinct about 
one-third of distance from base of dentated margin; basal one-third 
with irregular shallow teeth; ventral margin approaching a straight 
line; tip blunt with ventral margin irregularly, finely serrated. 

Length, 3 mm. 


Described from a large series taken from walnut in the 
Davis Mts., Texas, near Fort Davis, August 2, 1937. Twenty 
paratypes from Concan, Texas, July 6, 1936, collected by R. H. 
Beamer and D. R. Lindsay, are deposited in the collection of 
The Entomological Museum, University of Kansas, Lawrence, 
Kansas. These were also collected from walnut. Paratypes 
from the Davis Mts. are placed in The Ohio State University 
Collection. 


Erythroneura spectabilis n. sp. 
(Figs. 2 and 12) 

A small, stout, brightly and strikingly marked species, near E. 
nicholi and E. rubicunda Beamer, but with distinct coloring and inner 
male genitalia. 

Ground color white with scarlet vittae and black eyes; vertex pale 
with trace of narrow vittae dividing pale area into five spots, the median 
one longer; pronotum with basal half grayish white, anterior half scarlet 
but for narrow, elongate transverse median apical spot, and two small 
roundish spots on either side behind eyes and within the color band; 
scutellum scarlet but for very narrow white median streak between 
basal angles and tiny pale triangle at outer margin of basal angles which 
are slightly brownish; elytra scarlet but for the following pale areas: 
a transverse oval about covering basal fourth of clavus and extending 
almost to costa, another more round one including apical third of clavus 
and adjacent corial area; the costal plaque white with darker red 
median area and a transverse pale band before crossveins; apical cells 
smoky. Below, face red, legs pale, body brownish pellucid, darker on 
abdomen; in female, pygofer scarlet, ovipositor dark, last ventral 
segment strongly produced in small rounded tip. 

Inner male genitalia: Oedagus from lateral view parallel with base, 
constricted near middle and broadening again to below apex of tube 
where there is a narrow dorsal extension; from ventral view narrow, 
tapering to tip, a heavy pair of ventral processes arises at base, follows 
shaft on ventral surface about one-third its length; two pygofer hooks, 
the dorsal short, stout, emarginately bispinose at apex; the apical long, 
rather heavy, with a segmented appearance, extending to tip of pygofer 
and directed dorsad; styles lacking diagnostic characters, anterior point 
short, sharp, turned up. 
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Female genitalia, the larger dentated blade of the ovipositor: Very 
long narrow blade, three and one-half times as long as wide; teeth so 
shallow that the subdenticles of one are not easily separated from 
those next to it, making the number of teeth difficult to determine; 
ventral margin curved at about same angle as dorsal; tip sharply 
pointed with fine serrations on ventral margin. 

Length, 2.5 mm. 


Three specimens, male holotype, allotype and female para- 
type, taken in the Huachuca Mts., Arizona, July 20, 1937. 


Erythroneura munda n. sp. 
(Fig. 3) 


Background yellowish white, marked with traces of vittae and fuscous 
spots; vertex without markings; pronotum, median two-thirds from base 
with pale orange roughly triangular area extended by two narrow 
pellucid projections to anterior margin; scutellum, basal angles and 
apex pale orange; elytra yellowish orange, subhyaline, with the following 
fuscous blotches—one on clavus before apex, costal plaque with one at 
either end and a paler one at anterior lateral margin, apical cells and 
region just anterior to crossveins faintly fumose. 

Inner male genitalia: Foot of style fairly long and heavy for the 
western type, the anterior point extending cephalad, triangular, base 
concave; oedagus in ventral view long, narrow, tapering to apex, pair 
of lateral processes extends two-thirds length of shaft, diverging gently; 
from lateral view broad, curved dorsad, tip or keel turned dorsad at 
more than right angle, narrowing to apex; two pygofer hooks, the anal 
of medium thickness, tapering to sharp tip and curving in very slightly, 
the apical curved scythe-like, about a third longer than the anal, almost 
as thick and curved under the pygofer. 

Length, 3 mm. 


Male holotype, allotype and paratype taken in the Chiricahua 
Mts., Arizona, July 26, 1937. 


Erythroneura sola n. sp. 
(Figs. 4 and 13) 


A slender, inconspicuous species with background yellowish white, 
semihyaline on elytra, vittae golden yellow to orange; vertex pale 
apically and on median line, with rather broad golden yellow vitta 
surrounding basal pale spot next to each eye and larger triangular 
median spot, except at apex where band is broken; pronotum, lateral 
and anterior borders pale, also antero-median indentation of orange 
discal triangle which reaches base even with basal triangles of scutellum; 
scutellum with median square pale, basal angles golden yellow and apex 
orange; elytral vittae golden yellow with distinctly orange region near 
apex of clavus, indistinctly margined; clavus with elongate spot starting 
at humeral angle and not touching margins, another larger square spot 
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before middle and small flushed orange area at apex; corium with curved 
row of small indefinite spots, growing more orange toward clavus, 
starting just opposite posterior margin of median claval spot, curving 
toward plaque and then back toward apex of clavus; costal area broadly 
golden yellow; apical cells and region just before pale crossveins smoky 
subhyaline. Below whitish, more or less transluscent. 

The males have more extensive coloring. In some of the females 
the anterior vittae are lacking and the elytral vittae become small 
spots. The ovipositor is dark near its base and tip, and pale on the 
middle. 

Inner male genitalia: Style with foot short; broad; anterior point 
short, sharp, directed up; posterior point truncate, base concave; 
oedagus from ventral view straight, narrow, thin lateral processes extend 
half length of shaft from base, diverging very little; from lateral view, 
wide, sharply expanded just before apex of tube on dorsal surface into 
keel, with sharp barb directed cephalad; pygofer hooks very heavy and 
rather spiny, the dorsal curving in and having at its apex a swollen some- 
what foot-like portion; the apical a little shorter, straight and of same 
thickness. 

Female genitalia, the larger dentated blade of the ovipositor: Long 
narrow blade about three times as long as wide; nine large deep teeth with 
no subdenticles, set at almost right angles to the plate; ventral margin 
curved about same angle as dorsal margin; tip broadly blunt with four 
distinct denticles on ventral side. 

Length, 3 mm. 


A series taken on oak in the Chiricahua Mts., Arizona, 
July 26, 1937. 

Resembling E. ritana Beamer somewhat, but it has less 
extensive orange markings and distinct inner male genitalia. 


Erythroneura modula n. sp. 
(Fig. 5) 


A short, shining species with rather swollen vertex. Background 
yellowish white, elytra yellowish subhyaline, no definite color markings; 
smoky spots before crossveins. Below pale, outer row of spines on hind 
tibiae dark. 

Inner male genitalia: Foot small, base concave, anterior point small, 
sharp, extending cephalad, posterior point broadly truncate; oedagus 
from lateral view narrow, curving gently dorsad with slight apical 
dorsal keel, the long processes following shaft closely; from ventral 
view long and straight with pair of ventral processes arising at base and 
turning out slightly at tips which reach to opening of tube; two pygofer 
hooks, the dorsal narrow, sharp-pointed, faintly curved in; the apical 
a third longer than dorsal and narrower, curving dorsad. 

Length, 2.75 mm. 


Male holotype and allotype from the Huachuca Mts., 
Arizona, July 20, 1937. 
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Its small size and distinct inner male genitalia will dis- 
tinguish this from E. pallenta Beamer to which it would be 
referred in Beamer’s key.! 


Erythroneura novella n. sp. 
(Fig. 6) 


A slender white species with orange vittae. Background yellowish 
white with trace of inverted V on vertex; pronotum with discal U-shape 
mark with heavy base on posterior margin and narrow arms reaching 
anterior margin, remainder pale; scutellum with angles orange and 
tiny black spot at apex; elytra with narrow orange vittae of obliqua 
type, one following claval suture, one paralleling it on middle of corium, 
and costal margin with hyaline orange stripe entire length and the 
following fumose spots, one at middle and one at apex of clavus, another 
on corium just below apex of clavus. Below decidedly yellowish 
translucent, outer row of spines on hind tibiae dark brown, tip of 
ovipositor black. 

Inner male genitalia: Style with small foot, short anterior point, 
sharp, pointing cephalad, base straight; oedagus with apical lateral 
processes directed dorsad and curved out, with apex of tube making 
the tip three pointed; from lateral view stout, sinuate, a pair of ventral 
processes at base stout and sharp-tipped, extends less than half the 
length of shaft, apex equilateral triangle with dorsal part straight and 
point extending out ventrad, a pair of narrow, short lateral apical spines 
extends back at right angle to shaft, a trifle longer than side of apical 
triangle; two pygofer hooks, slender and delicate, the dorsal short, 
heavy at base, tapering abruptly to fine sharp tip, the apical twice as 
long, narrow, straight and sharp-tipped. 

Length, 3.1 mm. 


Holotype and allotype collected in Chiricahua Mts., Arizona, 
July 26, 1937. 


Erythroneura arizonica n. sp. 
(Fig. 7) 


A pale stout species in which the general ground color is white, and 
the markings pale orange. Vertex without definite markings, eyes 
black; pronotum with trace of U-shaped vitta, based on posterior 
margin with arms narrow and not reaching anterior margin; scutellum 
lacking vittae;.elytra white, more hyaline on outer margins and apices, 
very narrow faint vittae, one from humeral angle to middle of claval 
margin, another starting on corium just opposite anterior margin of 
costal plaque and extending to crossveins. Below entirely pale. 

Inner male genitalia: Style with small foot, anterior point very 
short, sharp, pointing cephalad; base concave; oedagus from ventral 
view with cephalo-laterad spines from apex overlapped by heavy basal 


1Beamer, R. H., Erythroneura from the Southwest, Ann. Ent. Soc. Am., 
xxii, pp. 115-129, 1929. 
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lateral processes; from lateral view straight, rather thick, with heavy 

lateral processes diverging from base and meeting finer lateral diverging 

spines of apex, tip with dorsal rounded keel and triangular ventral 

expansion directed cephalad; two pygofer hooks, the dorsal very heavy 

at base and tapering to blunt tip, as long as pygofer; the apical heavy 

at base but narrowed abruptly to half width of dorsal, remotely S-curved. 
Length, 3 mm. 


Male holotype and six male paratypes from the Huachuca 
Mts., Arizona, July 20, 1937; one male paratype, Santa Rita 
Mts., Arizona, July 13, 1937; and one male paratype, Chiricahua 
Mts., Arizona, July 26, 1937. 

The inner male genitalia resemble those of E. casta Beamer, 
but the processes of the oedagus are heavier and longer, and 
there are no dark markings on the vertex. The specimen from 
the Huachuca Mts. has the vertex brown-tinged. 


Erythroneura agnata n. sp. 
(Figs. 8 and 14) 


A small, slender, pale species with a creamy white background 
marked with golden yellow vittae. Vertex with inverted yellow V 
with heavy lateral projections toward eyes; pronotum, U-shaped 
marking at center with heavy base and slender arms reaching anterior 
margin; scutellum pale with basal angles and apex pale yellow; elytra, 
clavus with narrow golden oblique vitta extending on humerus to 
beyond middle, another paralleling it full length of corium, costal 
margin narrowly yellow-tinged; probably most distinctive markings 
are two smoky spots, one just above and the other below pale apex of 
clavus, apices and region before crossveins also clouded, semihyaline. 

Inner male genitalia: Style with small foot, anterior point sharp, 
pointing cephalad; base slightly concave; oedagus from ventral view, 
broad, expanded, with lateral extensions before apex which curve 
dorsad and are together about equal to length of oedagus, basal lateral 
processes extend to narrowed portion of apical branches and cross them; 
from lateral view narrow, curving slightly dorsad, a small triangular 
apical dorsal keel, about one-fourth distance from apex a pair of delicate 
lateral spines extends at right angles from shaft latero-dorsad, a pair of 
ventral processes arises at base, parallels shaft diverging slightly at 
apex, extending to just below emergence point of apical processes; two 
pygofer hooks, the dorsal very stout at base, curving in a little and 
narrowing swiftly to sharp point; apical very short, triangular, base 
very broad, broader than base of dorsal hook, and narrowing very 
abruptly to short, sharp apex. 

Female genitalia, the larger dentated blade of the ovipositor: Short 
broad blade, about two times as long as wide; 16 large shallow teeth, 
each with subdenticles on face toward tip; ventral margin curved at 
about same angle as dorsal margin; tip bent ventrad with fine denticles 
of ventral face ending abruptly. 

Length, 2.75 mm. 
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Male holotype, allotype and paratypes of both sexes in 
series from the Huachuca Mts., Arizona, July 20, 1937. 


Erythroneura nuda n. sp. 
(Figs. 9 and 15) 


A pale, stout species with white ground color and traces of two 
indefinite narrow oblique orange vittae on each elytron, one near center 
of clavus from humeral angle to below middle, the other paralleling 
it on corium; elytra more hyaline toward costa. 

Inner male genitalia: Style with large foot, straight base, large 
anterior point; oedagus from ventral view, heavy, tapering to sharp 
tip, lacking processes; from lateral view short, stout, unadorned, 
broadened a little at apex, curved gently ventrad from base and dorsad 
at apex; two heavy pygofer hooks, the dorsal with triangular base, 
S-curved, narrowed to blunt tip, apical of about same length, turned in 
at right angles to base, straight, narrowed on outer third. 

Female genitalia, the larger dentated blade of the ovipositor: Long 
narrow blade about three times as long as wide; 17 irregular teeth with 
one to four subdenticles each; ventral margin almost forming a straight 
line; tip pointed with ventral margin finely serrated. 

Length, 3 mm. 


Male holotype, allotype and paratypes collected from the 
Santa Rita Mts., Arizona, July 13, 1937. 


Erythroneura blanda n. sp. 
(Figs. 10 and 16) 


A slender, pale species with pointed vertex. Entirely pale white, 
faintly tinged with yellow but lacking color markings. 

Inner male genitalia: Foot of style with large triangular anterior 
point directed cephalad, base straight; oedagus from ventral view 
straight; parallel-sided to apex where there are lateral leaf-like expan- 
sions extending up along shaft a short distance and then expanding 
out at right angles to shaft; from lateral view very wide, straight, 
narrowed below apex of tube, lateral leaf-like apical expansions extending 
out at sides of apex of tube; two pygofer hooks, the dorsal broadly 
triangular, the base half the length, tip sharp; apical a third the width 
of and almost as long as dorsal, directed dorso-caudad. 

Female genitalia, the larger dentated blade of the ovipositor: Nar- 
row blade about three times as long as wide; 21 irregular, shallow teeth 
with no uniformity of subdenticles; ventral margin curved about same 
angle as dorsal; tip rounded with very shallow serrations on ventral side. 

Length, 3.1 mm. 


Male holotype, allotype and paratypes collected in the 
Huachuca Mts., July 20, 1937. 
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ADDITIONAL OBSERVATIONS ON THE SLEEP 
OF INSECTS 


Puit Rav, 
Kirkwood, Missouri 


In 1916, I published, jointly with Nellie L. Rau, a paper 
entitled ‘‘The Sleep of Insects: an Ecological Study.”’ This 
appeared in Volume 9, pages 227 to 274 of the Annals of the 
Entomological Society of America. During the subsequent 
years I have from time to time made new observations on the 
phenomenon of the sleep of insects. Since naturalists are now 
giving to nocturnal ecology the attention that it deserves, 
I thought that these additional notes should be placed on 
record. 


WASPS 


Chalybion caeruleum (L.) 


The behavior of this “cuckoo-bird”’ wasp is fully described in the 
foregoing publication. The following observations from other localities 
more than substantiate all that has been said. 

About the middle of June, 1920, these wasps were seen in enormous 
numbers at Wickes, Mo., assembling for sleep on three distinct parts of 
an abandoned house. One group of more than a thousand individuals 
congregated nightly in the eaves of the topmost peak; a smaller group 
slept in a niche in one of the supporting pillars, ten feet from the floor, 
and a third group, whose numbers could not be ascertained, were seen 
flying in the late afternoons around the hollow tile on the top of the 
brick chimney, gradually disappearing within it before nightfall. Two 
weeks later, the number in the swarm under the eaves was greatly 
reduced, but on another wall was a new congregation of about two 
hundred. Whether part of the large group had died off, or whether the 
group had for some reason divided, I do not know. No leadership or 
guidance has yet been detected in these assemblies. 

Their habit of assembling thus when a storm darkens the sky was 
again observed more recently when a rainstorm at noon at Reelfoot 
Lake, Tennessee, drove us to the shelter of a fisherman’s porch. About 
twenty-five wasps of this species had preceded us there, and were 
maneuvering as if preparing for sleep. Since this behavior is the same 
as the case observed thirty years ago, it leads one to conclude that they 
do not congregate by the hands of the clock, as it were, but are stim- 
ulated to seeking night quarters by certain conditions of light. On the 
other hand this cannot be wholly so, because in late afternoons they 
congregate for sleep while it is still quite light. (This wasp is also 
known as C. cyaneum Fabr.) 
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Sphex (Ammophila) fragilis Sm. |S. A. Rohwer] 


A specimen of this species was taken at 5 P. M. in the same position 
of sleep as we find for S. pictipennis. (fig. 2 and 3). 


Sphex (Ammophila) nigricans Dahl. [S. A. Rohwer] 


Many wasps of this species were slowly walking about on the low 
plants between the garden and the woods at Wickes, Missouri, at 
4 P. M., July 20, 1920. At first I thought that they were probably 
foraging, and revisited the place several times the next day in the hope 
of seeing them capture their caterpillars. No wasps were present, how- 
ever, until late in the afternoon, when several hundreds reappeared and 
repeated the behavior. Gradually they became quiet and seemed ready 
to spend the night in sleep. Many of them gave much attention to 
toilet-making before finally settling down. Their attitude in sleep 
differed somewhat from that of S. pictipennis. These wasps rested on 
the leaf with all their legs touching the surface, their mandibles not 
gripping the stem, excepting in a very few cases where the insect rested 
directly on the stem. 


Sphex (Ammophila) pictipennis (Walsh) 


The sleeping habits of this wasp have been adequately described on 
pp. 231-234 of the aforementioned paper. Here I wish merely to add 
the pictures (fig. 2 and 3) of these wasps in characteristic postures. 


Sphex (Ammophila) placidens Smith [G. Sandhouse] 


One wasp was seen asleep on a stem at Ranken, Missouri, August 3, 
1932, at 7:30 P. M., in the position illustrated in fig. 1. 


Priononyx atratum Lep. 


This story corroborates the previous statement (loco citato, 237-239) 
that these wasps are sound sleepers. Four colonies were observed at the 
edge of a cut wheat field at Ranken, Missouri, August 3, 1932. Each 
colony had from seven to ten males; all were on the brown seed clusters 
of either the yarrow or the dock. Sometimes they were close enough 
together to touch one another. Three days later they were on precisely 
the same stalks. So tight asleep were they at dusk that they were not 
disturbed when the stalk holding one colony of seven wasps was cut 
and carried a quarter of a mile to the car to be photographed. More 
amazing than that, not one of the group seemed to wake at the loud 
report of the flash powder, or to be disturbed by the ten-mile drive to 
my home, or even at being placed out in my garden, twig and all, at 
7 o’clock next morning. Six wasps of this species are shown in figure 8, 
asleep on top of a cluster of seeds. 


Trypoxylon (albitarse) politum Say 


Since the male of this species is present when the female builds her 
pipe-organ tubes of mud, both sexes spend the nights in the unfinished 
tube. Where they spend the night before the tube is begun or after it 
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has been finished, I do not know. One observation on September 23, 
1930, disclosed how the mother (this nest had no male) curls her body 
in the tube to keep from falling out of the nest, which always has the 
opening at the bottom of the tube. This one curled her body into a ring 
braced against the sides of the tube, and did not cling to the walls with 
her legs at all. 


Elis 5-cincta Fabr. 


This data may be added to the previous account (loco citato, pp. 
234-237). On August 3, 1932, at evening, the males were asleep on the 
seed heads of the yellow fox-grass, somewhat getting the benefit of 
protective coloration. The grass-heads were not in one clump, but 
occurred at intervals along the side of a wheat field. They occupied six 
heads of this grass (fig. 9) in numbers as follows: 15, 5, 3, 6, 2, 1. Most 
of the wasps slept head downward. In some cases the bodies touched one 
another. Up to 6 P. M. they were quite easily annoyed by my presence, 
but as often as they flew away, they would always soon return and 
resume their sleeping positions. However, when once they were really 
asleep at deep twilight, they were not awakened when the stems were 
cut and carried home. 


Philanthus punctatus Say [S. A. Rohwer] 


The Peckhams saw a male of this species dig a hole, crawl in for the 
night, and close the door behind him. I have seen them in four separate 
localities spend the night in shallow crevices in the earth; in all cases 
the door, if it may be so called, was open. I do not mean to intimate 
that they do not sometimes dig themselves in and close the doors 
behind them, but, in my capacity as investigator, it is not likely that I 
would dig in places which offered no clue to inhabitants. It is of 
interest, however, to observe that the males are gregarious at night, 
several of them often sharing a single crevice for sleeping purposes. 
The following table shows the number of insects found in each burrow: 


No. in burrow No. of nests No. in burrow No. of nests 
3 é 2 


1 1 
6 1 
2 1 


In digging the wasps out of the crevices at dusk, I found most of 
them so drowsy that they could very easily be picked up with the 
fingers; if I prodded them to flight, they would soon drop to the ground, 
limp and inactive. Others, however, of a more pugnacious cast, flew 
into the air, but would return and try persistently to regain their old 
sleeping quarters. Sometimes even though these crude nests were almost 
wholly destroyed, the wasps would return and cling to the walls with 
their bodies fully exposed. 

At dusk one evening I broke into the sleeping quarters of an unusual 
colony in a sand bank; fifteen wasps were driven out, and it was pathetic 
to see them attempting to regain shelter before nightfall. Some tried to 
get into holes nearby, which were much too small for them; others 
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sought shelter in holes much too large; still others busied themselves 
with burrowing new holes. Some entered shelters so entirely demolished 
that not the smallest good could possibly be derived from them, while 
several others could be seen rapidly sweeping away the fallen sand in an 
effort to regain the old burrow. 

These observations demonstrate quite clearly the gregarious ten- 
dencies of the male wasps at nightfall. The same burrow is, doubtless, 
used every night. When once driven from their shelters, each wasp 
follows his own inclinations in the attempt to regain his home. The 
females spend the night as well as most of the day in the nesting bur- 
rows, while the males spend the day amongst the flowers, and at night 
seek the company of the other males. In twenty-two wasps examined of 
the sixty-five recorded in the table above, all were males. 


Paranothyreus cingulatus [S. A. Rohwer] 


In among the twenty-two sleeping wasps of Philanthus punctatus 
described above from Wickes, one specimen was of this species. 


Stizus unicinctus Say 


Six of these wasps were found July 20, 1919, asleep, close together, 
on one head of teasel-grass at the edge of a field of wheat stubble. 


Tachysphex acuta (Patton) Williams [S. A. Rohwer] 


Tachysphex terminatus Sm. |S. A. Rohwer] 


About a dozen of these two species of Larrid Wasps were seen hol- 
lowing out burrows in a pile of sand in one of the St. Louis Parks at 
twilight, on July 16, 1918. When they were put to rout by the inquis- 
itive investigator, they all soon returned and either found their old 
burrows or made new ones. 


Scolia nobilitata Fabr. [G. Sandhouse] 


A single specimen of this wasp was seen asleep at 6 P. M., July 31, 
1932, in my garden. It was indeed very conspicuous with its body 
curled around a green seed pod of an unidentified plant. 


Ancistrocerus unifasciatus Sauss. [S. A. Rohwer] 


Two wasps of this species emerged from a mud nest of Sceliphron 
caementarium, on May 31. The wasps were placed, together with the 
nest, in a breeding cage where they lived for about two weeks. Each 
evening they would creep into one or another of the empty cells, and 
there spend the night. They would retire at about 5 P. M. and remain 
hidden until about 10 o’clock next morning. These wasps did not use 
the same cell each night, but occupied any one of a half dozen, as the 
mood dictated. On one occasion when the cage was darkened at noon, 
the wasps retired into the cells; an hour later when the cover was 
removed they returned into the open air. This indicates that conditions 
of light, rather than that of bodily fatigue, are the primary factors in 
the selection of sleeping periods by these wasps. 
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Vespa maculata L. 
Early in the morning of April 21, I saw a Vespa queen in a crevice 
under the eaves where she had spent the night; it was too early in the 
season for her to have a nest-home. 


Polistes pallipes Lep. 

Early in the season when the queen of P. pallipes is alone on the 
comb, one invariably finds her at night huddled on the roof in the center 
of her nest. Here she soundly sleeps, well hidden from night prowlers. 
Often, however, when the queen has young larvae in the nest, she sleeps 
with the forepart of her body inserted in one of the cells. This latter 
position is an exact duplicate of what one often sees during the day, 
except that in her waking hours she is very alert. During the night of 
May 28, a canvass was made of a dozen nests and in seven of them the 
queens were immovably asleep, ostrich fashion, while five were asleep 
on the roof. 


Chrysis (Trichrysis) parvula Fab. [G. Sandhouse] 

One specimen was seen for three nights asleep in a glass tube on my 
clay bank. The tube was originally placed in the most favorable posi- 
tion for attracting Ancistrocerus wasps, but the cuckoo-wasp, during the 
middle of July, 1930, used this tube for its own sleeping quarters. A 
sister species, C. perpulchra Cress. (loco citato, p. 248) was seen asleep 
on the flower heads of Erigeron. 

BEES 
Melissodes compta Cress. [J. C. Crawford] 

Two of these bees were seen going head first into holes in the sand- 
bank. These were much too small for them, so only their heads were 
concealed. 

Melissodes autumnalis Robt. [G. Sandhouse] 

At Ranken, Mo., on September 16, 1934, along the shady side of a 
valley, in the late afternoon, many bees of this species were congregating 
for the night. They would alight on the flower heads of a yellow com- 
posite, usually one male to a flower, and they were often on three or 
four flowers of the same plant. There they would quietly rest, waiting 
for night to overtake them. About twenty were observed—all of them 
males. 

Melissodes nivea Robt. [G. Sandhouse] 


One specimen of this bee was seen among the colony of M. autumnalis, 
on September: 16, behaving in the manner described above. 


Melissodes bimaculata Lep. [S. A. Rohwer] 
Melissodes trinodis Robt. [S. A. Rohwer] 
Triepeolus lunatus Say [S. A. Rohwer] 


Race prejudice does not seem to be a factor in the choice of sleeping 
quarters for certain bees and wasps. In the paper published in 1916, we 
record several species of hymenoptera co-habiting the same sleeping 
quarters night after night. We there state (p. 246) that three species of 
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Melissodes bees, M. obscura, M. bimaculata, and M. verroniana, were 
seen all huddled together for a night’s sleep. A later observation at 
Wickes, Mo., July 18, 1922, finds Melissodes bimaculata sleeping in 
company with another species, M. trinodis, and also the parasitic bee, 
Triepeolus lunatus. I was fortunate to get a photograph of these three 
species asleep at dusk on a stem of sweet clover (Melilotus sp.). In 
fig. 4 we see them fast asleep, all five males with their heads down; the 
arrow points to Triepeolus lunatus, X is at Mellisodes trinodis, and the 
three unmarked bees are Melissodes bimaculata. On another sweet- 
clover stem a foot away were six males, all of M. bimaculata, very much 
asleep in the same head down position. Melissodes bimaculata does not 
always seek the company of other species of bees when retiring for the 
night, but the males often form night colonies of their own species.! 

During the early days of August, 1932, from 6 P. M. to dusk, they 
were so restless on their stems that one could not approach within 
camera-shot. It was interesting to see them fly away at one’s approach 
and, but after a few minutes, return and alight, always head down upon 
the stem they had left. The two colonies, about twenty feet apart, 
were composed entirely of males, many of them sleeping so close together 
that their bodies touched; they use only their legs, and not the man- 
dibles, to cling to the stems. 


Triepeolus concolor Robt. [G. Sandhouse] 


These social-parasitic bees are not gregarious at night. Six spec- 
imens were seen asleep at dusk at Ranken, Mo., on August 3, 1932, each 
on its own yellowish stem of fox grass, four in a vertical position with the 
head downward, and two with the body curled gracefully around the 
thin stem, also with the heads downward. 


Triepeolus remigatus Fab. [J. C. Crawford] 


A male of 7. remigatus was curled about a stem of sweet clover 
during a cloudy evening almost asleep. When I touched it with a pencil 
it stretched out its foot as if in inquiry, but made no attempt to fly away. 


Prochelostoma philadelphi Robt. [G. Sandhouse] 


Three bees of this species were asleep, one in each of three blossoms 
of mock-orange (Syringa philadelphus) in my garden on May 26, 1935. 
Each one had its head buried deep into the yellow center of the flower; 
this in contrast to their black bodies made them appear severely 
conspicuous. 


Emphor bombiformius Cress. 


In the earlier paper (loco citato, p. 247) these mining bees were 
recorded as spending nights on the elder bushes in my garden. On 
several other occasions during the past few years, I have found them 
asleep in the flowers of the cultivated white Hibiscus. They would creep 
into the flowers before they closed for the night and thus get the pro- 
tective benefit of a “closed door.” 


1Only on rare occasions does one see a male sleeping alone. 
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Alcidamea pilosifrons Cress [G. Sandhouse] 


One specimen was found fast asleep at dusk in the fringy petals of a 
White Dietzia flower in my garden on June 1, 1930. It had crawled far 
into the petals. 

Bremus americanorum Fab, 


At the edge of a clover field a dozen bumblebees were asleep on 
July 19. Each one slept singly on the under side of a broad leaf (fig. 6). 
Unlike other bees, they do not hold on with their mandibles, but clung 
to the leaves with their feet. On September 16, many males were asleep 
on the goldenrod; the black portion of their bodies being very conspic- 
uous on the yellow flowers. A queen of this species was seen fast 
asleep in my garden at 6:30 A. M., on June 10, 1931. 


MISCELLANEOUS INSECTS 


Aphaenogaster lamellidens Mayr. [W. M. Wheeler] 


At the unusual hour of 9 P. M., I found a large number of these ants 
at work, many carrying larvae, on the southward slope of a hill. 


Lygaeus kalmii Fab. [W. L. McAtee] 


Several of these bugs were seen on mullein plants at night, August 1, 
1920. Many were in copulo, all being fast asleep; they did not stir in a 
strong light, and only by violence could they be awakened. They 
remained in this position through the night. 


Cicindela repanda Dej. [H. S. Barber] 


It was cloudy on September 17, but that did not deter the adult 
beetles of C. repanda from being active on the sandy areas along Joachim 
Creek at Hematite, Missouri. The creek here is small, with large 
patches of coarse gravel and an occasional area of soft sand. In the 
sandy area I found many diagonal burrows with arch-like doorways. 
These were opened and I was surprised to find that many of them still 
contained adult beetles. They had spent the night in the tunnels and 
even though it was 10 A. M., they were not inclined to venture forth. I 
do not know if each beetle digs a new burrow at night, or occupies an 
old one; they are not gregarious, however, but each beetle sleeps in a 
separate dug-out. One small area had over fifty of these burrows of 
which about half contained one beetle each. 


Atethemia pampina Guer. [H. G. Dyer] 

Until the late afternoon of a cloudy day, October 7, 1918, this moth 
rested motionless, but very conspicuous, on a rose leaf, literally standing 
on its head (fig. 7) with the body in a vertical position. The feet were all 
crowded together near its head holding on to the leaf. 


Orthosia hibisci Gn. [J. F. Gates Clark] 


More than fifty moths of this species were feeding each evening 
from dusk until dark, during the last week of March, 1933, on the 
blossoms of the pussy-willow (Salix Caprea L.)* in my garden. I am 
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not quite sure whether they sleep later on in the night, or do so during 
the daylight hours. 


Mallophora arcina Wied. [C. T. Greene] 


This fly remained asleep on the stem of Aster multiflora at 7:30 on 
the chilly morning of October 2, 1922. At dusk, at Ranken, Missouri, 
on August 3, 1932, one male and one female of this bumblebee-mimicking 
fly were observed at two distinct localities as they were preparing for 
sleep on the vegetation. 


Proctacanthus brevipennis Wied. [C. T. Greene] 


A specimen of this robber-fly was found asleep in my garden at dusk 
one evening in August, 1934. The fly was clinging to the plant with 
all six legs; its wings were bent downward at right angles to the body 
in the peculiar position illustrated in fig. 5. 


Deromyia ternatus Loew. [C. T. Greene] 


Robber flies are supposed to be diurnal, but at dusk on August 24, 
1932, one member of this species stationed itself on a screen-door of a 
city shop, and successfully pounced upon house-flies as they alighted 
there from time to time. It would carry the fly away, evidently to eat it, 
but would always return and resume the same quiet position on the 
door. The coming nightfall seemed to be to its advantage, for during 
a period of twenty minutes I saw it make off with four house-flies. This 
may be an example of the changing of the hunting period from daylight 
hours to that of dusk. 


DISCUSSION 

I realize full well that these fragmentary observations on 
the sleep of insects in their natural and often unusual sleeping 
quarters and the incidental bibliographical material touch only 
lightly upon the problems of sleep. They are merely foundation 
materials for a larger and more significant study of the subject. 
The narratives thus far written on how insects go to sleep at 
night and how they disperse in the morning may make enter- 
taining reading, but they do not penetrate sufficiently into 
the significance of sleep, its function, its physiology, or its 
psychology, either in the life of the individual or in that of the 
species. 

One may not ponder long on the subject of sleep without 
becoming aware of its intricate and entangling relationship 
to fatigue, to drowsiness, to lethargy,—to death-feigning, to 
catalepsy and hypnotism,—to aestivation, to hibernation, and 
even to that final sleep, death itself; all of which surely bear 


*Willow kindly identified by Dr. Edgar S. Anderson, of Missouri Botanical 
Garden. 
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many of the outward characteristics of sleep. Again, one can 
hardly think of the realm of sleep without thinking of its 
adjustment to the changing periods of night and day, and to 
the changing seasons; to migrations, to swarming, to attitudes 
in rest, to gregariousness, and also to that wholly new and 
fashionable study of nocturnal ecology. Nor may we forget 
its connection to conditions of darkness as created. by solar 
eclipses, to a plentiful or niggardly food supply, and in one of 
its more important phases, the relation (in solitary species) 
of congregating for sleep to societal evolution. Much may be 
learned also from a comparison of the sleeping habits of adult 
organisms and their infant progeny, and finally from a study 
of the relation of sleep to longevity. Nor need the problems of 
sleep be confined to animals alone, for sleep too is a factor of 
importance in the life of plants. 

Thus the study of sleep in all its phases is a difficult subject; 
the path of approach is uncertain and the technique is one of 
pioneering. Thus far, no one with a comprehensive view of 
this field has been lured to attempt to correlate and integrate 
the materials with a view of bringing the problem to a fruitful 
conclusion. Such a subject requires the talents of a scholar 
versed in the branches of physiology, ecology, and animal 
behaviour; and especially one who appreciates the significance 
of the border-line sciences where these fields overlap one 
another. The materials thus far accumulated are merely 
fragments of information which may perhaps one day attract 
a scientist with an ability for digesting and correlating facts; 
one who will resurrect them from the dust-bins of time and 
from them bring the various aspect of sleep into clear focus. 
Then only will we know the meaning of the phenomenon of 
sleep in the world of plants and animals. 


EXPLANATION OF PLATE 


1. The sleeping posture of Sphex placidens. 

2and3. The sleeping postures of Sphex pictipennis. 

4. The sleeping. postures of three species of bees, all males, one specimen of 
Triepeolus lunatus is indicated by an arrow, one specimen of Melissodes 
trinodis is indicated by an X, and the three unmarked bees are M. bimaculata. 

The position of sleep of the robber-fly, Proctacanthus brevipennis, with the 
wings bent downward and at right angles to the body. 

The bumble-bee, Bombus pennsylvanicus, asleep on the under side of a broad leaf. 

The “standing-on-its-head” sleeping posture of the moth, Athethemia pampina. 

A congregation of six males of Priononyx atratum asleep on a flower-head of 
yarrow plant. 

Six males of the yellow and black Elis 5-cencta asleep on a golden-yellow 
grass-head. 





The Sleep of Insects 
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ANNOTATED BIBLIOGRAPHY? 


This does not pretend to be a complete bibliography; in fact, a 
complete bibliography on this subject is almost an impossible task, 
since for the most part, the observations on the sleep of insects and other 
organisms are incorporated in larger studies, and mention thereof is 
seldom made in the indices. One occasionally stumbles upon mention 
of the phenomenon of sleep in the course of general reading on biological 
subjects, and it is from such notes that this bibliography has been 
compiled. 


*Ainslie, C. M. 1907. Can. Ent. 39: 26-28. Notes on the swarming of a species 
of crane-fly. 

Allee, W.C. 1931. Animal aggregations. 74-80. Discusses sleep aggregations of 
insects and other animals, and includes the following insect references that 
I have not included elsewhere in this paper: Floerscheims, who reports certain 
beetles killing off certain sleeping butterflies; Schrittky, who observed sleeping 
aggregations of butterflies of the genera Heliconus and Tetrapedia in Paraguay; 
Von Frisch, on Halictus bees; Boyer and Buchsbaum, on controlled laboratory 
experiments with light and temperature on the bee Melissodes agilis; Uvarov, 
who reported on the overnight aggregations of locusts; and finally, the notes 
by Holmquist on mass collecting of ants and night collecting of locust-nymphs 
during migrations. There is some data on the sleep of birds and bats, and 
finally Allee brings a new note into the study by the following remark (p. 102): 
“One of the insect sleeping-clubs described by the Raus would provide a sub- 
stantial breakfast for the proverbial early bird, and a hungry centiped would 
have easy picking in a group of aestivating land isopods.” 

*Banks, N. 1905. Proc. Ent. Soc. Wash. 7: 12-13. 

Beilmann, A. P. 1937. Social behaviour in Homoptera. Psyche. 44: 58-59. 
The terrapin scale, Eulecanium nigrofasciatum, was observed to emerge from 
under the bodies of adult females each day at about 10 o'clock in the morning, 
and move upward to new growths on the vegetation; at about 3:30 p. m. they 
were seen to crawl back (sometimes for a distance of three feet) and disappear 
beneath the females, where they would again spend the night. 

Bequaert, J. 1918. Bull. Amer. Mus. Nat. Hist., p. 32. The female wasp 
Zethusculus lobatus sits at night, or during the rain, in the open cell with egg 
or larva, while the male hides in similar manner in some old empty cell. P, 23: 
The wasp, Provespa sp., is adapted to nocturnal habits. P. 237: Nest of 
Belonogaster dubius was taken away ‘‘during the night with the wasps all 
sleeping.” 

*Bequaert, J. 1918. Journ. N. Y. Ent. Soc. 26: 126. Mentions two species of 
bees that are crepuscular. 

Bequaert, J. 1920. Psyche. 27:12. The bee, Xenoglossa pruinosa, is a common 
visitor to flowers of cultivated squash between 6 and 8 a. m., the flowers close 
at about 9 a. m., but the males can often be found during the day sleeping 
inside the corolla. 

Bishoff, H. 1927. Biologie der Hymenopteren, 177. Mentions that the night- 
flying Xylocopa tranquebarica, which forages by moonlight, has ocelli much 
larger than her day-flying sisters. 

Bodenheimer, F. S. 1935. Animal life in Palestine, pp. 69-86. An interesting 
chapter on the seasonal, diurnal, and nocturnal activities of animals and insects 
of Palestine. Employs use of light-traps for the study of nocturnal activity. 

*Bodkin, G. E. 1917. Journ. Board of Agric., Brit. Guiana 10: 125. 
*Boulenger, E. G. 1929. Observations on the nocturnal behavior of certain 
inhabitants of the Society’s acquarium. Proc. Zool. Soc. London, (2) 359-362. 

Bouvier, E. L. 1922. Psychic life of insects, 52-56. (Quotes Rouband.) The 
nocturnal periodicity of larvae of the fly, Anchmeromyia luteola, is produced 
by thermic irritability in conditions of determined hunger. This rhythm 


’References marked with an asterisk (*) have not been seen by the author. Some 
-of the references so marked have been sent to me by Mr. Richard Dow, for which 
I wish here to thank him. 
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is not only acquired in the course of the larval existence, but is changeable at 
the will of the experimenter. On birth, these larvae, having taken no food, 
are awake during the day as well as during the night. Fed during the day they 
remain completely motionless during the night, and when after having been 
nourished periodically for several days and then left to fast, they awake 
irregularly, some during the day, and others during the night. The blood- 
sucking larvae of Choeromyia choerophoga are less completely nocturnal than 
A. luteola, because they have as their hosts certain tropical pigs which leave 
their holes in the cool hours of the morning and also in the afternoon when 
the great heat is passed. It is during the hot hours of the day when the pigs 
are at rest in their lairs that the parasites become active. 

*Bouwman, B. E. 1912. De Levende Natuur 17: 56-58. Mr. Richard Dow 
writes, ‘‘This article contains a figure of the nest and the sleeping place of 
Dinetus pictus. The nest is about 6 cm. deep with a cell at the end; the sleeping 

- place is about 4 cm. deep and suggests an unfinished burrow.” 
*Bradshaw, G. H. 1907. A swarm of butterflies. Ottawa Nat. 20: 211-213. 
*Brauns, H. 1910. Zeitschr. fur Wissensch. Insektenbiol. 6: 446. 
Ibid. 1911. 7:17, 18, 90, 91, 92, 117, 119, 120, 238, 239. 

*Brauns, H. 1910. Deutsche Ent. Zeitschr. p. 667. Parapiagetia. 

*Bruce, H. A. 1915. Sleep and sleeplessness. Boston. 

Bruch, C. 1930. An. Soc. Cient. Argentina, 110 (6): 367-386. The mud wasp, 
Sceliphron figulus, deposits spiders in the tube and closes it temporarily for 
the night with a cover of mud which is raised next morning. 

*Clark, A.H. 1914. Nocturnal animals. J. Wash. Acad. Sci. 4: 139-142. 

Crawford, S. C. 1933. A survey of nocturnal vertebrates in Kartabo region of 
Brit. Guiana. Journ. Animal Ecology 2: 282-288. Interesting notes on night 
behaviour of various species of vertebrates. 

Crawford, S. C. 1934. The habits and characteristics of nocturnal animals. 

| Quart. Review Biology 9: 201-214. 

*Crawford, S.C. 1936. Prisoners of darkness; Science, June, pp. 555-560. 

Crawford, S. C. 1938. The inhabitants of night. Sci. Monthly 46: 166-169. 
General account of night activities of prowling mammals and some other 
vertebrates. 

Cockerell, T. D. A. 1915. Ent. News 26: 364. Describes sleeping posture of 
males of the bee Xenoglossa brevicornis. 

Cole, T. W. 1912. Journ. Anim. Behaviour 2: 309. Two characteristic postures 
of the racoon in sleep; in one the animal lies on its back with his forepaws 
placed over his eyes; in the other position, the animal rolls its body almost into 
a ball with the top of the head placed flat on the floor between the fore legs. 

*De-Stefani. 1886. Naturalista Siciliano 5: 171. Mimesa bicolor Shuck. 

*D’Urban, W.S. M. 1860. Zoologist 18: 70-89. 

Dutt, R. D. 1912. Memoirs Dept. Agric. India 4: 245. At night the bees 
Ceratina viridissima hide themselves in such hollow stems as they choose for a 
nest. Often 50 or 60 may be found huddled together in a hollow dried shoot 
of bamboo. 

Elton, C. 1927. Animal Ecology, pp. 83-100. Chapter on “Time and Animal 
Communities”; many animals in a community never meet because they become 
active at different times. There is a night and day rhythm which affects both 
free living animals and some parasites. There is not always a very sharp 
limit between day and night communities. In polar regions there is no night 
fauna, while in the tropics the latter is very rich. 

Emlen, J. T. 1934. Roosts and night-roosting of birds. Ithaca, Abstract of 
thesis for Ph.D. degree, Cornell Univ. Valuable material collected on this 
subject in 26 of the 27 existing orders; the discussion embraces the material 
obtained from literature and the personal observations of the author. 

*Fletcher, T. B. 1907. Resting position of a butterfly. Spol. Zeyl. 5: 63-64. 
Attitudes. 

*Flint, W. P. and Sanders, G. E. 1912. Journ. Econ. Ent. 5: 490. 

Ford, N. 1927. Biol. Abstracts, No. 10679, Oct. The rare and primitive 
orthopteran Grylloblalta campodeiformis are active only at low temperature and 
are nocturnal. 

Forel, A. 1907. Hygiene of nerves and mind, p. 250. ‘‘Many elderly people 

whose life is regular and do not demand much thinking get along very well 








-- 
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on five or six hours of sleep or even less, because when they are awake they 
have many periods of rest, which are often half as good as sleep.‘ (This might 
give a clew to why the mentally alert wasp and bee needs to sleep so long and 
so soundly.) 

Forel, A. 1908. Sense of insects. tr. M. Yearsley. p. 19: Insects which have 
very large eyes, and which are essentially aerial, are quite stupid in the dark 
and scarcely go out at night. 

p. 192: Since the small brain of insects is not capable of any great internal 
work of thoughts awakening each other by association, its activity must be 
perpetually kept on the alert by the activities of the senses in order to go not 
completely to sleep. When an insect is motionless with its antennae folded 
it must therefore be in a sort of slumber. With resting ants “it even takes a 
quite noticeable time to arouse them thoroughly.” 

*Priederichs, K. and Schulthess, A. von. 1918. Mitt. Zool. Mus. Berlin 9: 33, 44. 
Sceliphron and Ammophila. 

Graenecher, S. 1911. Bull. Pub. Mus. Milwaukee 1: 221-249. In Wisconsin 
the bees, Sphecodogastra texana, are nocturnal, gathering pollen from flowers 
after sunset, and until 10 p. m., they never gather pollen during the daytime. 


Green, E. 1899. Ent. Monthly Mag. 35: 214. A cuckoo-bee Crocisa ramosa 
was seen for several nights to sleep on a dead twig. The twig was gripped 
in the jaws and the legs folded close against the body which was almost hori- 
zontal. It was supported only by the jaws, and the antennae were brought 
together and extended in front. It slept soundly each night taking its position 
at about 2:45 p. m. and remained in place until 9:30 next morning. 

*Hahn, W. L. 1914. The hibernation of certain animals. Pop. Sci. Mo. 
84: 147-157. 

*Hamm, A. H. 1906. A permanent record of British moths in their natural 
attitude of rest. Trans. Ent. Soc. London, pp. 483-486. 


*Hamm, C. 1906. Resting site, Pieris rapae. Proc. Ent. Soc. London. 


Hancock, J. L. 1911. Nature sketches in Temperate America. p. 304: Two 
bees, one Bombus viriginicus, the other B. vagans, noticed fast asleep on blossoms 
of bergamot. Awaken one of the bees and it will respond with a loud buzzing 
of wings. 

p. 353: The locust Arphia xanthoptera, after 5 o'clock, goes to rest for the 
night. Melanoplus differentialis gather in great numbers on low sassafras 
shrubs, for their night’s sleep at 4:30 p.m. M. bivittatus mingled with them 
and enjoyed the ‘‘same sort of protection for the night.’’ M. femur-rubrum, 
sleep clinging to the flowers near the top of golden-rod plants. ‘‘No eye-lids curtain 
the eyes of grasshoppers and as a result they seem sensitive to a high degree 
of sunlight. The setting or even the lowering of the sun to the horizon which 
diminishes the actinic rays is sufficient to cause the hordes of these grasshoppers 
to seek their night quarters.” 

Harris, D. F. 1913. Nerves. pp. 192-194. “On the speculative side we may 
connect this rhythm [of sleep] with the great cosmic and vital rhythms around 
us, the rising and setting of the sun, the ebb and flow of the tide, the opening 
and shutting of the flowers, the periodicity in the heart’s action, and so on. 
Most animals with a nervous system rest from time to time even when they do 
not lose consciousness. The more lowly the nervous system of an animal, 
the less truly does it sleep; the brain of the higher mammals like so many other 
organs, has a functional rhythm; it is not continuously in full activity, it works, 
it rests. Fatigue, whatever it is, is removed during sleep. In sleep the brain 
never gets a rest: Sleep then is necessary to remove fatigue, but that does not 
tell us what induces sleep. 

*Hawkes, O. A. M. 1926. On the massing of the ladybird, Hippodamia con- 
vergens, in the Yosemite Valley. Proc. Zool Soc. London. pp. 693-705. 

Hicks, C. H. 1929. Can. Ent. 61: 84-86. Both sexes of the bee, Anthidium 
collectum were found sleeping in cavities in wood despite the fact that they 
nest in deserted tunnels in the ground. 

Howard, L. O. 1905. The Insect Book. pp. 337-339. Quotes Scudder, who 
finds that the tuneful long-horned grasshopper, Scudderia curvicauda, has a 
day-tune and a night-tune; the day-tune is played only in the sunshine, and the 
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night-tune after dark and also in cloudy weather. When a cloud passes over 
the sun, all the insects in the vicinity change immediately to the night song. 
They resume the diurnal notes just as suddenly when the cloud has gone and 
the sun again shines. 

*Hudson, G. V. 1906. Notes on insect swarms on mountain-tops in New Zealand. 
Wellington Trans. Zeal. Inst. 38: 334-336. 

Imms, A. D. 1925. Textbook of entomology. p. 585. Quotes Bingham: 
In Burma the loud buzzing of Xylocopa rufescens may be heard throughout 
moonlit nights. 

Ingersoll, E. 1906. Life of animals. p. 187. The sea-otter mother sleeps in 
the water on her back, with her young clasped between her fore-paws. 

Kellogg, V. L. 1905. Amer. Insects. p. 452. The migrating butterfly, Bass- 
larchia archippus, has the peculiarity of assembling in great numbers in a few 
trees, like blackbirds or crows in a “‘roost’’ and hanging there quietly in masses 
and festoons, many individuals clinging only to each other and not to the 
branches at all. Myriads were thus assembled in certain great pine trees near 
the Bay of Monterey on the California coast. The above behaviour is of 
common occurrence; I wish to add that for three or four seasons during the 
past twelve years, such congregations slept on blue flowering asters in my 
garden at Kirkwood, Mo., during October; not in festoons, however, but each 
butterfly clung to a twig or a leaf and not to one another. 

*Knab, F. 1907. The swarming of Anopheles punctipennis Say. Psyche. 14: 1-4. 

*Knab, F. 1908. Swarming of a reduviid. Proc. Ent. Soc. Wash. 10: 7-8. 

*Knoll, F. 1927. Nocturnal insects and flowers. Ber. Deutsch. Bot. Ges. 45: 
510-518. 

Loeb, J. 1900. Comparative physiology of the brain. p. 243. ‘Sleep has 
nothing to do with consciousness and memory, for it occurs in plants.” 

Loeb, J. 1905. Studies in general physiology. pp. 37-43. Discusses sleep of 
insects, from the standpoint of heliotropism, with more or less uncertainty, 
but reaches the following conclusion in experimenting with the moth, Sphinx 
euphorbiae: ‘‘The facts seem to indicate that it is possible to influence the time 
of waking of this moth by diminishing the intensity of the light, but only when 
they would soon wake up without artificial interference. 

Longstaff, G. B. 1912. Butterfly hunting in many lands. pp. 592-595: Dis- 
cussion of the selection of protectingly colored flowers by butterflies for rest 
and sleep. pp. 598-599: “‘A male of Synchloe hellica found asleep on a white 
flower-head of Antennaria sp. It was certainly cryptic.’’ He cites other 
similar examples and concludes, ‘“‘I cannot help but believe that the butterflies 
in question sought out leaves more or less closely resembling themselves in 
color with a view to concealment.’ Two clusters of Stelbum splendidum were 
found on a branch at 5:30 p. m., evidently preparing for sleep. 

Lutz, F. E. 1924. Natural Hist. 24: 344. Fig. of Sphex sp., asleep. 

*Maneval, H. 1926. La Fueille des Naturalistes 47: 83. Anoplius. 

Marsden-Jones, E. M. 1927. Biol. Abstr. No. 8695. Oct. Night visitors to 
Primula vulgaris were Meligethes erythropus, Tachyporus solutus, and Forficula 
auricularia. 

Mast, S. O. 1911. Light and behaviour of the organism. pp. 11-12. In 1806, 
De Candolle succeeded in reversing the daily periodic sleep movements of 
leaves by exposing them to artificial light during the night and to darkness 
during the day. 

*Mellor, J. E. M. 1927. Bull. Soc. Roy. Ent. d’Egypte n. s. 11: 70-72. Bembex 
and Ephutomma. 

*Mellor, J. E. M. 1928. Bull. Soc. Roy.’ Ent. d’Egypte n. s. 11: 129. Sphex 
argentata, Sceliphron. 

Mills, W. 1898. Animal intelligence, pp. 79-113. Chapter on “Hibernation” 
discusses hibernation in man and animals, and contains some suggestive remarks 
on the relation of hibernation to sleep. 

Morice, F. D. and Saunders, E. 1911. Trans. Ent. Soc. London 73: 112. 
Ammophila and Gorytes. 

Myers, J. G. 1928. Insect singers, pp. 132-133, 255. Quotes Frost, who 
attributes the sluggishness of the cicada, Melampsalta tbilis, in the early 
morning to sleep; other species allow handling in the early morning without 
attempting to fly, but the author says, ‘“‘whether such a comatose state should 
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be called sleep is a question. Cicadas are essentially diurnal; when a cloud 
momentarily obscures the face of the sun, it is frequent for many species, 
especially those which sing in chorus, to cease their song till all is clear again. 
*Necheles, H. 1927. Observations on the cause of night activity in some insects. 
Chinese Jour. Physiol. 1: 143-155. 
*Nordstrom, F. 1917. Nagra stekelnotiser. Ent. Tidskr. 38: 322. 

O’Byrme, H.I. 1932. On the activity of butterflies at night. Ent. News 43: 207. 
Records six species of butterflies flying to light at night, when they should 
normally be tucked away and asleep among the vegetation. 

Parker, J. B. 1917. Proc. U. S. Nat. Mus. 52: 123, 127. Sleep of Bembix 
spinolae; male digs burrows in sand in which to spend the night. Steniolia 
duplicata sleeps in clusters on stems of plants. 

Piper, . 1897. Gregariousness of Coccinella transversoguttata. Ent. News. 

p. 49. 
*Policarpo, G. and Flaminio, R. P. 1929. Rev. Chilena de Hist. Nat. 32: 1928; 
299-300. Monedula chilensis Esch. 

Rau, P. and N. 1918. Wasp studies afield. P. 24: Bembex nubilipennis mothers 
sleep in their burrows in the ground. P. 108: Ceratophorus texas sleeps in the 
hollow twig in which she nests. P. 242: Ammophila procera assemble in groups 
to sleep, and return night after night to the same dried stem; fig. 50 shows 
five specimens holding on tightly to a stem with their mandibles, the body 
hanging rigid, and the legs extended holding to the plant stem. The number 
in the groups varied from five to fifty, according to the season. P. 293: The 
queens of Polistes pallipes when alone on fifteen nests, early in spring, sleep 
on top of the nest, clinging to the peticel between the roof of the nest and the 
ceiling of the building on which they attach the stem. P. 332: Sleeping habits 
of Odynerus designatus. 

Rau, P. and N. 1929. Sex attraction and rhythmic periodicity in Giant 
Saturniid Moths. Trans. Acad. Sci. St. Louis 26: 82-221. One thinks of moths 
as night-flying creatures, but one seldom realizes that all moths do not fly 
during the entire night. Among the Saturniid moths it is interesting to know 
(p. 15) that the Cecropia moths fly only at dawn (between 3:30 and 4:30 a. m.), 
the Polyphemus moths are abroad from 11 p. m. until midnight and again 
from at dawn from 3:20 to 4:30; the Promethas are day-flying, appearing on 
the wing from 3:40 to 6:40 p. m. and the Cynthia moths are abroad for two 
— during the night from 9 p. m. until midnight and from 3 a. m. until 

awn. 

Rau, P. 1924. The biology of the roach, Blatta orientalis. Trans. Acad. Sci. 
St. Louis 25: 57-79. When roaches are found quietly at rest, we assume that 
they are asleep; they are in hiding during the day, and roam the kitchen larder 
during the night. They seem, however, to come out normally and feed during 
the early hours of evening, and return to their crevices. 

Rau, P. 1928. Field studies in the behavior of non-social wasps. Trans. Acad. 
of Sci. St. Louis 25: 329. Females of the wasp Cerceris raui sleep in the burrows 
in the ground, they do not open up their doors, which are closed each night, 
until the sun is high and hot in the summer sky. 

Rau, P. 1931. Ent. News 42:25. The night flight of diurnal butterflies. 

Rau, P. 1933. Rhythmic periodicity in the fire-fly. Ecology 13: 7. Photinus 
pyralis flies early in the evening and by 9 p. m. none of them can be seen in 
flight, while Photurus pennsylvanicus flies later, appearing at about 9 p. m. 
and they keep on.the wing until about 2:30 a. m. 

Rau, P. 1932. Bull. Brooklyn Ent. Soc. 27: 59-62. Sleep of Scolia dubia. 

Rau, P. 1935. Jungle bees and wasps of Barro Colorado Island. P. 84: Polybia 
simillima, large numbers were observed fast asleep on the outside of the nest, 
entirely covering the paper ball; their bodies were arranged in rows with almost 
mathematical precision. They “folded themselves up’’ for the night, each 
with the wings tucked under the body, and held in place by the legs. P. 112: 
Polistes panamensis wasps sleep with surprising soundness at night, and can 
be awakened only with great difficulty. P. 139: Night-flying wasps, A poica 
pallida, sleep during the day, in orderly rows, one on top of another, sometimes 
five or six deep; discusses (p. 45) correlation between large ocelli, and nocturnal 
habits in insects. P. 147: Both large ocelli and night habits have been reported 
for Xylocopa rufescens, Megactlissa yarrowtt, M. matutina, M. exima, and 
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Halictus galpinsiae. P. 148: Cites Fraser, who finds dragon flies in India with 
the following habits: Mortonagrion varalli inhabits dark shady jungles, and 
never comes out into the sunlight, while Tholymis tiliarga is a night wanderer 
but may be seen in the daytime in shady groves or dark jungles. 

Rau, P. 1937. Sleep of Osmia cordata and O. and O. lignaria. Ann. Ent. Soc. 
Amer. 30: 337. 

Rayment, T. 1935. A cluster of bees. Fig. 30, p. 239, shows males of the bee 
Halictus lanarius at rest at night in the center of a Coreopsis blossom. P. 179: 
The male bees of Paracolletes euphenax draw together in companies of a hundred 
or two when night approaches and form a living ball within the shelter of a dry 
curled bracken fern. There is no orderly overlapping of the wings to shed 
rain, only a mere huddling together for warmth and shelter, “but I am able 
to discern in these elemental clusterings the first sign of that efficient social 
organization which the hive bee exhibits so perfectly for our admiration. 
P. 191: When evening approaches or whenever rain clouds obscure the sun, 
one may observe in the males of genus Stenotritus the beautifully-ordered 
clustering of the hive bees. Impelled by the same desire, and doubtless 
recognizing each other by the subtle ‘‘colony odor,”’ these gregarious bees cluster 
together on trees or bushes in masses containing two or three hundred indi- 
viduals. The temperature is increased by such congregations. The females 
are solitary in habit. Hacker has observed the males of Gastropsis pubescens 
cluster together at night on shrubs in masses of 200 or 300 individuals. 
P. 232: Note by Hacker: Male bees of Momia australica assembled every evening 
in January, about twenty to each long grass-stalk; they were restless before 
settling down and changed positions several times. P. 273: In May, fifty or 
more male bees, Halictus subpallidifrons would reassemble each night and 
cluster together for sleep on a twig, and early next morning would depart 
for the day. P. 619: Figure 97 shows 8 males of the genera Anthidia and 
Eucera asleep on grass blades. They are in a horizontal position, holding on 
to the blade with their jaws, the legs hanging free in the air. A foot-note 
states that in the Australian Anthophora and Asaropoda, both sexes rest in 
similar manner. 

Riley, Packard, and Thomas. 1877. First Rep. U. S. Ent. Commission, 
pp. 218-220. The Rocky-Mountain locust; discusses flight at night, and also 
general habits at night. 

Rodgers, J. S. 1927. Biol. Abst. No. 3941, Apr. Observations on fourteen 
species of crane-flies showed that feeding is mainly at night on flowers of Mango, 
Saururus, Azelia, etc. 

Root, A.I. and E.R. 1920. A. B.C. and X. Y. Z. of bee culture. P. 90: Worker 
honey bees returning from the field, loiter about the hive anywhere from a 
few minutes to half a day. So commonly do such bees crawl into a cell and 
go to sleep for half an hour or so that it is reasonable to assume that such is 
the customary proceeding. ‘‘By sleeping is meant as nearly a complete sus- 
pension of movement as possible. The customary pulsation of the abdomen, 
nearly if not quite, ceases or is suspended for minutes at a time, and the 
occasional pulsation is very slow. When the nap is over the bee backs out, 
combs off her head just as if scratching for thought, and starts off in more or 
less of a hurry.’’ The queens and drones are no exception, but in the case of 
both the sleeping is usually not done in cells. 

*Roth, P. 1928. Ann. Soc. Ent. France 97: 153-240. 

Saunders, S. S. 1873. Trans. Ent. Soc. London, p. 409. Raphiglossa. 

Schrottky, C. Smith. Misc. Coll. 48: 259, 1907. Mentions bees, Megacilissa 
exemia, with nocturnal habits. 

Schwarz, E. A. 1891. Proc. Ent. Soc. Wash. 2: 146-147. 

Scudder, S. H. 1895. Frail children of the air. P. 188: The butterfly Eugonta 
j-album flew into a lantern at night; mentions other species of butterflies. that 
are active at night, and states that certain groups of butterflies, especially the 
Satyrinae in the tropics, are accustomed to fly by twilight or even in the rain. 

*Sickmann, F. 1893. Neunter Jahresbericht des Naturwiss. Ver. zu Osnabruck, 
pp. 84-87. Sleeping burrows of Dinetus pictus, Astatus. 

*Simson, C.T. The sleep of Mollusks. Pop. Sci. Monthly 45: No. 1. 

*Sintenis, F. 1896. Sitzungsber. der Naturfroscher-Ges., Jurjeff (Dorpat), 11: 195. 
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Sharp, D. 1899. Insects. Part II. P. 24: Quotes Fabre: Halictus lineolatus» 
work of excavation is carried on at night. 

Sidis, B.. 1909. An experimental study of sleep. Journ. Abnormal Psych. 
3: 1-32, 63-96, 170-199. 

Sidis, B. 1909. Review Psych. Bull. 6: 319. Sidis, by the method which he 
terms hypnoidization, induces states which are allied to sleep on the one hand 
and to hypnosis on the other. The material for experiments were frogs, 
guineas, pigs, cats, dogs, children and adults. Sidis believes that the hypnoidal 
is the primitive rest state out of which sleep and hypnosis have developed. 
Real sleep would too often prove fatal to the lower animals. They must be 
ready to jump and run or feign death through catelepsy at a moment’s notice. 

Stevens, O. A. 1920. Ent. News 31: 35-44. Halictus bees visiting flowers after 
sunset. 

Szymanski, J. S. 1915. Review in Psych. Bull. 12: 288. He finds that cock- 
roaches rested during the day and were active from seven to ten hours at night; 
goldfish were active mostly during the day; a salamander remained perfectly 
inactive from November to January; a canary had the same periods of quiet 
and activity as that of man; a white mouse had 16 active and rest periods 
during a day; a gray mouse, nineteen. 

Viereck, H. L. 1916. Hymenoptera of Conn. P. 733: The bee, Xenoglossa 
prunosa, found asleep in a closed flower. 

Washburn, F. L. 1918. 17th. Report State Ent. P. 234: Quotes Bingham: 
Carpenter bee, Xylocopa rufescens, is crepuscular and on fine moonlights, its 
loud buzzing can be heard all night long; also quotes Graenicher on bees, 
Sphecodogastra texana, which have been found feeding on evening primrose in 
Wisconsin as late as 10 p. m. 

Watson, J. B. 1917. Journ. Animal Behavior, 7: 405-419. The larvae of the 
Noctuid moth Anticarsia gematilis forages continually both night and day, 
stopping only to moult. 

Wheeler, W. M. and Mann, W. M. 1923. Psyche 30: 11. Quotes Froggart: 
The larvae of the saw-fly, which belong to the genus Perga, are gregarious and 
feed at night, resting during the day. 

Wheeler, W. M. 1928. The social insects. Footnote, p. 255: The flies, 
Bengalia obscuripennis, were observed by Novgle and Green hunting winged 
termites flying at night. 

Williams, F. X. 1919. Philippine wasp studies. Rep. Exp. Stat. Hawaiian 
Sugar Plant., Dec. P. 30: ‘‘In the tropics when the hours of darkness are 
often not particularly cool, wasps that do not hide in the ground may not 
really sleep a great deal.” P. 114: The roach-hunter, Dolichurus stantoni, 
goes to bed toward evening in the mud-cells or under them, to arise next morn- 
ing when it becomes sufficiently warm. P. 118: Sceliphron laetus, in the 
Moluccas, leaves both ends of the cell open until the last, so that she may 
more readily enter or leave it, and passes the night in one of the cells. P. 123: S. 
maderospatanum does not sleep in the vicinity of her nest; she starts her work 
in the morning, between 7:30 and 10:20 o’clock, and would knock off work at 
3:30 p. m. P. 157: Zethus cyanopterus cares for her offspring by day and by 
night. 

Williams, F. X. 1928. Philippine Jour. Sci. 35: 87. The solitary wasps, 
Chlorion aurulentus, pass the night clinging in some numbers to a bunch of 
dead leaves or seed pods; one group, forty-two, were counted roosting on a strip 
of straw, and this strip was occupied night after night. 

Williams, F. X. 1928. Bull. Exp. Stat. Hawaiian Sugar Planters, Bull. 19, 
pp. 123, 143. . Late in the afternoon the wasps, Podium flavipenne, seek out 
their sleeping quarters, which is usually a bunch of dead mango leaves, They 
return night after night to the same dormitory and the males predominate. 
Also remarks that he observed in U. S. A., the large fly-catching Monedula 
surinamenstis of both sexes resting at night on dead twigs of weeds. P. 143: 
“‘Pepsis wasps’’ seem to exhibit a sort of communal instinct for resting, just 
as do, to a more marked degree, many other species that gather in numbers on 
selected weeds. 

*Woodworth, C. W. 1888. Psyche 5: 70. 
*Young, R. Sleep aggregations of the beetle Altica bimarginata. Sci. 81: 435-439. 
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PROGRESSION FACTORS FOR SUCCESSIVE 
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The historical development of studies of insect growth has 
been well reviewed by Calvert (1929). Bodenheimer (1927, 
1932, 1933) and Ludwig (1934) have discussed many of the 
available data in relation to the Dyar rule and the principle of 
Przibram. The present discussion is concerned chiefly with 
measurements of several species of Cicadellidae and an analysis 
of these and other data from various sources in relation to 
these theories. 

Dyar (1890) observed that the head width of a number of 
species of Lepidoptera followed fairly closely to a geometrical 
progression in successive instars. The relationship was not 
described as an absolute criterion but was suggested as an aid 
in determining the correct number of larval stages. 

Cases of extreme variation in the supposed constant growth 
ratio have been observed. Calvert’s data (1929) on several 
species of Odonata are of this nature and the same author noted 
similar variation in Horsfall’s measurements (1929) of the 
grape sawfly, Waldheimia pygmaea (Say). Growth factors cal- 
culated by Calvert (1929) for Horsfall’s data show a progressive 
decrease in the value of the growth ratio in succeeding stages 
which indicates that the growth quotient for increase in head 
width is not a constant. Other writers, including Ripley (1923), 
Forbes (1934), and Gaines and Campbell (1935), have empha- 
sized the occurrence of similar trends toward a decrease in the 
value of the quotient in later stages of development. 

Bodenheimer (1927) found deviations or breaks in the 
regular sequence of head widths of certain species. These were 
explained as regular growth steps in the progression which are 
not indicated by molts. Gaines and Campbell (1935) have dis- 
cussed other instances in which expected molts did not occur. 
Since the missing stages could not very well have been over- 

1The writers are indebted to Dr. H. H. P. Severin for supplying colonies of 


Macrosteles divisus (Uhl.); and to the Divison of Insect Identification of this Bureau 
for numerous corrections in the nomenclature. 
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looked, the authors concluded that the use of the Dyar rule for 
corroborating the observed number of instars is not to be recom- 
mended since it may indicate the presence of instars that do not 
exist. 

The results of some studies show that the molting process 
does not always demarcate growth stages. That molting is not 
always dependent upon growth in size has been shown by 
Titschack (1926), who found that the clothes moth Tineola 
biselliella (Hum.) may molt from 4 to 40 times under different 
conditions. Tessier (1928) with Tenebrio molitor L. and Wod- 
sedalek (1917) with the museum pest T7rogoderma versicolor 
(Creutzer) (Syn., tarsale (Melsh.)) observed that these insects 
may even lose weight with each molt under certain conditions. 
Gaines and Campbell have discussed the work of Dyar (1895), 
Quaintance and Brues (1905), Decker (1931), and Peterson and 
Haeussler (1928) to show that food or temperature may influ- 
ence the number of molts. Parker (1930) states that the grass- 
hopper Melanoplus mexicanus mexicanus (Sauss.) passed through 
six instars at 22° and 27° C. and five instars at 32° and 37° C. 
Severin’s data (1931) show that the beet leafhopper, Eutettix 
tenellus (Bak.), may molt either five or six times under almost 
the same temperature conditions. Some individuals of the 
species Melanoplus differentialis (Thos.) were observed to molt 
five times and others six (Hodge, 1933). Taylor (1931) mentions 
cases where the males of several species of sawflies were observed 
to have one less feeding instar than the females. 

The Dyar principle was based on head width, since the head 
was selected as not being subject to growth during the stage 
and its width as the most convenient measurement to take. 
Bodenheimer (1927) has shown that other measures of linear 
growth, such as total length, width, head height, antennal 
length, and leg length, may evince growth steps similar to those 
for head width. Measurements of the total length and total 
width of the potato psyllid, Paratrioza cockerelli (Sulc), follow 
quite closely to a geometrical progression and the individual 
measurements compose distinct frequency distributions that 
characterize the instar (Knowlton, 1934). Przibram and 
Megusar (1912) found that the weight of the Egyptian praying 
mantis, Sphodromantis viridis (Forsk.) (Syn., S. bdioculata 
Burm.) approximately doubled in successive instars; that the 
length of the prothorax increased as the cube root of 2, or 1.26; 
and that area increased at the rate of the square root of 2, or 





= 
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1.41+. These quotients for weight growth, linear growth, and 
increases in area were interpreted to indicate that the successive 
nymphal stages of this insect are a result of a single cell division 
between molts. Bodenheimer (1927, 1932, 1933) analyzed 
many of the available data and concluded that insect growth 
does in most cases follow the progression factors of 2 for weight 
and 1.26 for linear growth or m times 2 and m times 1.26 when 
more than one multiplication of cells or “‘latent divisions” are 
assumed to occur between molts. According to Bodenheimer’s 
theory, the frequency of occurrence of latent divisions increases 
in the Holometabola, and the irregularities observed thus tend 
to obscure these relations but do not invalidate them. The 
existence of growth steps which are not accompanied by ecdysis 
(latent divisions) does not seriously affect the validity of the 
progression principle, but its application is doubtful in cases 
where divisions are assumed to occur that only partially account 
for irregularities in the observed values. The interpolation of 
latent stages by Bodenheimer’s method allows considerable lat- 
itude in the comparison of observed and calculated values. 
This method consists in the division of the maximum weight of 
the insect by 2 and the resulting figure by 2, etc. The figures 
thus obtained, which agree best with the observed values, are 
the calculated values for the corresponding stadia. The number 
of divisions by 2 indicate the total number of cell divisions, and 
figures that do not pair with observed values are assumed to 
indicate latent divisions. This theory of analysis is more tenable 
when it is used to account for random irregularities or breaks in 
an otherwise regular series of stages in a progression. When it is 
applied to observations such as those of Titschack (1930), and 
Ludwig (1934), which show a regular decrease in the value of the 
quotients for successive instars, it seems extreme to assume that 
a constant progression factor exists when the observed values 
show changes which vary in a regular order. 


METHODS 


Dyar’s (1890) statement that the head width of a larva in its suc- 
cessive stages follows a regular geometrical progression describes a 
relationship in which the ratio or percentage increase in width is con- 
stant or in which successive increases are proportional to the width of 
the head before ecdysis. When the numbers of successive instars are 
equally spaced, a geometrical progression of head widths will plot on 
a compound interest curve of the type y=ab* where y is the head width, 
x is the particular instar, and a and } are constants. Since this equation 
may also be written log y=log a+ log b, which is the equation of a 
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straight line, the agreement of observed values with the Dyar principle 
may be illustrated by plotting the logarithms of the actual values on 
co-ordinate paper or by plotting the actual values on the logarithmic 
scale of arith-log paper. Deviations of observed values from a straight 
line indicate variation from a geometrical progression. This method, 
which was apparently first used for insect data by Forbes (1934), has an 
additional advantage in that it permits an easy application of the 
method of least squares by fitting the data to a straight line. Since 
measurements of all stadia are subject to error and variance and each 
stage has equal rank with reference to the progression principle, the 
method of least squares is preferable to the use of the mean-growth 
ratio and the values of the first or last stages in determining the calcu- 
lated values of the remaining stages. Gaines and Campbell have 
recently used the method of least squares and have illustrated the 
advantage of the method for this purpose in comparison with the results 
obtained when the calculated values were determined from the average 
growth ratio and the observed first term in the progression (fig. 4 of the 
paper previously mentioned). 

The methods used in the present paper have consisted in plotting the 
logarithms of the actual growth measurements against the number of 
the corresponding instar except in a few cases where the rectilinear 
agreement could be improved by the interpolation of a supposed missing 
or latent stage. Regression lines were calculated by the method of least 
squares and the progression factors or growth quotients were obtained 
from the same computations. Data on a few species were displaced 
upward or downward from the abscissa in plotting in order that more 
examples might be accommodated in the same figure. To avoid the 
inclusion of extensive tables showing the agreement between the 
observed and the calculated values for all stages, an illustration of this 
is confined to the graphical representation afforded by the figures. 

Measurements of the Cicadellidae were made with an ocular microm- 
eter on freshly killed specimens taken from field collections or colonies in 
which nymphs in all stages of development were present. The observed 
measurements fell into five distinct groups which were assumed to 
indicate different instars. 

Collated data, used in the present review, were selected from meas- 
urements of lepidopterous larvae by Dyar (1890) and from Dyar’s 
observations on sawflies (compiled by Taylor, 1931). Although these 
data are based on few or single individuals, their agreement with the 
theoretical values is good in most cases. Many of the remaining data 
were taken from Bodenheimer’s papers on insect growth. Other data 
have probably been overlooked, and many have been intentionally 
omitted in order that the measurements might be restricted chiefly to 
head width and growth in weight. 

All references to growth quotients, rates, or progression factors, in 
the present paper, signify the reciprocal relationship to that used by 
Dyar. Such factors are obtained by dividing the value of a given stage 
by the value of the preceding stage while those of Dyar were calculated 
by dividing the head width of an instar by the head width of the 
succeeding instar. 
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RESULTS AND DISCUSSION 


Original measurements of the head width of several species of 

Cicadellidae are shown in Table I. These data include the mean head 

widths of successive stages with their standard errors, the calculated 

values for the same stadia, the range of variation within a given instar, 

and the least-squares values of the progression factors. The measure- 

ments show that the head widths fall into distinct groups which evidently 

characterize the instar. The interval between the extremes of each 

group, or between the largest individuals of one stage and the smallest 

Y of the succeeding stage, is sufficiently large that single individuals may 

be reliably determined according to the proper instar. The means of the 

different stages follow an approximate geometrical progression according 

to the relationship found by Dyar. The mean for the fifth or last instar, 

however, shows significant deviations from the theoretical value that are 

apparently due to sexual differentiation during late nymphal develop- 

ment. When the sex could be ascertained in the fifth instar, the head 

width of the females was greater than that of the males and showed 

a closer agreement with the calculated value for this stage. Since the 

males of these species are also smaller in the adult stage than the females, 
this differentiation in size evidently produces the divergence noted. 

The agreement of these data with the Dyar principle is illustrated 
in Figures 1A and 1B by the approach of the plotted logistic values of 
the measurements to a straight line. 

As is shown in Table I, the progression factors vary from 1.25 for 
Eutettix tenellus to 1.30 for Thamnotettix geminatus. Apparently no real 
differences are shown in the different values of the progression factor 
except in the case of 7. geminatus, where a statistically significant 
deviation occurs between the observed value of 1.30 and the proposed 
theoretical value of 1.26. In this example, the interpolation of one or 
more extra stages to reduce the value of the constant is apparently 
precluded by the regularity of the progression. 

The agreement of other data with the Dyar relationship has been 
illustrated in Figures 1 and 2. In many cases where the regression lines 
show considerable divergence from the theoretical slope, the appropriate 
slopes for progression factors of 1.26 or 1.26? have been indicated by 
dotted lines. 

An interpretation of many of the data is necessarily quite arbitrary if 
it is recognized that some of the irregularities found in the progression 
may be due to missing or unrecognized stages or to the possible occur- 
rence of “latent” stages. In plotting data for Notonecta glauca L. 
(Fig. 1J), Araecerus fasciculatus (Deg.) (Fig. 2K), Ephestia kuehniella 
Zell. (Fig. 1K), Haltsidota caryae (Harr.) (Fig. 2G), Datana perspicua 
G. and R. (Fig. 2K), Symmerista albifrons (A. and S.) (Fig. 2H), Pon- 
tania pallicornis (Nort.) (Fig. 2A), and Cimbex quadrimaculata (Mull.) 
(Fig. 2J), one or more extra stages were interpolated to improve the 
agreement of the data with the regression lines. 

The theory that successive growth stages of an insect are determined 
by a single division of cells implies that a series of stages may be rec- 
ognized which follow a geometrical progression having values of approx- 
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imately 1.26 for linear growth and 2.00 for growth in weight. In other 
words, the logarithms of the measurements must plot on a straight line 
and secondly the line must have the approximate slope indicated by the 
theoretical progression factors (1.26 or 2.00). In the present analysis 








SUCCESSIVE INSTARS 


Fig. 1. Linear growth of insects. Logarithms of the measurements are plotted 
against the number of the corresponding instars. Dotted lines indicate slopes 
corresponding to the theoretical value of 1.26, or 1.26 and 1.26? where two lines are 
shown. In order to plot the data for N. vallicularia in Figure 1F, the abscissa scale 
was reduced to accommodate the 22 instars and the origin for the graph (indicated 
by vertical line) was moved to the right to prevent crowding. 
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the data were related first to a geometrical progression (since the 
existence of a progression factor is the primary element in the theory), 
and then to the theoretical value of the progression factor which is of 
secondary consideration. Where the observed data were in close agree- 
ment with the theoretical values of a geometrical progression or were 
quite uniformly variable, so that the positions of possible latent stages 
were not clearly indicated, the values were fitted to the linear regression 





SUCCESSIVE INSTARS 


_ Fig. 2. Linear growth of insects. Logarithms of the measurements are plotted 
against the number of the corresponding instars. Dotted lines indicate slopes cor- 
responding to theoretical progression factors of 1.26 or 1.26%. 
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line in their observed sequence. This method of analysis shows that the 
progression factor has a greater tendency to approach a constant value 
for each species than it does to assume the same constant value for dif- 
ferent species. This fact is illustrated by the figures, which show a better 
agreement of the observed values with regression lines of definite slope 
for each species than is consistent with the theory that data of different 
species should plot along lines of the same slope. 

Progression factors for the different species and sources of the various 
data are shown in Table II. Data on the head width of the stonefly 
Nemoura vallicularia Wu show varying ratios of increase through an 
especially long series of stages (22 instars, fig. 1F). The progression 
factor for these data is 1.07 and the different growth quotients for suc- 
cessive stages are consistently lower than the required theoretical value 
of 1.26. In this example, the value of the progression factor is sig- 
nificantly less than the required value and the deviation can not be 
attributed to the occurrence of ‘“‘latent’’ divisions since in order to 
obtain an adjusted value near 1.26, the opposite assumption would have 
to be made that three to four molts occur between each division of cells. 
Progression factors for Knowlton’s (1934) data on the psyllid Paratrioza 
cockerelli (Sulc) are based on measurements of the total length and 
width of both male and female specimens. Factors of 1.46 and 1.47 for 
length and 1.54 and 1.53 for width of males and females respectively 
(Table II), apparently show no difference in growth ratio between the 
sexes. Another interesting feature of these results is the fact that the 
value for increase in width is higher than that for length in the example 
of both sexes. Progression constants for several species in the Coleoptera 
range from 1.28 to 1.64 and measurements of 25 species of sawflies give 
values ranging from 1.23 to 1.56. Factors for progression in head width 
of 31 species of Lepidoptera exceed the theoretical value of 1.26 in all 
cases and show a range in variation from 1.31 to 1.79. 

Data on Heliothis obsoleta (F.), observations of Peterson and 
Haeussler on Grapholitha molesta (Busck), and Brindley’s results for 
Ephestia kuehniella Zell. have been discussed by Gaines and Campbell 
(1935). Their analysis of these data has shown that the interpolation of 
a hypothetical stage will bring the values for the remaining stadia into 
better agreement with the Dyar relationship. A different analysis seems 
justified in cases where it can be observed that the logarithmic values of 
earlier stages plot closely to a straight line and later stages also plot on 
a straight line of different slope. Data such as those for Halisidota 
tessellaris (A. and S.) (Fig. 1C) apparently divide into two series in 
which the growth quotient is fairly constant. Similar characteristics 
are shown by the data for Macremphytus versicolor (Nort.) (Fig. 1G) and 
Sphodromantis viridis (Forsk.) (Syn., S. bioculata Burm.) (Figs. 1F and 
4A). Individuals of G. molesta, making more rapid growth, generally 
passed through four instars (Peterson and Haeussler, 1928) which closely 
follow the Dyar rule. Under conditions that produced slower growth 
(food and temperature), the insects usually passed through five instars 
in which the values of the successive growth quotients show more 
variation. Much of the variation in the latter group may be attributed 
to an abrupt change in the growth constant occurring after the third 
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stage (Fig. 1J). According to this interpretation, the first, second, and 
third stages comprise the first growth phase with a growth quotient of 
1.57 while the third, fourth, and fifth instars indicate a second phase 
having a quotient of 1.36. Middleton (1923) gives five instars for the 
male of the sawfly Diprion simile (Hartig) and six for the female. In 
this example (Fig. 1G) the data for the female apparently indicate two 
growth phases in which the progression factor has values of 1.41 and 
1.25. Data on the male evidently indicate a single phase having a growth 
quotient of 1.37. 

Other data (Calvert, 1929) for increase in head width of the Odonata, 
Nannothemis bella (Uhl.) and Anax junius (Dru.), have not been 
treated in Table II. These results show considerable variation in the 
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Fig. 3. Frequency distribution of the progression factors shown in Table II. 


values for different stages and apparently indicate varying growth 
increases or that several different growth phases occur in which the 
progression factor assumes a different value. 

The mean value of the different progression factors shown in Table II 
is 1.43. In general the different constants show a marked tendency to 
exceed the value required by Przibram’s theory. The frequency dis- 
tribution of the different values is illustrated in Figure 3, where it is 
shown that the mode of the distribution occurs to the right of the 1.26 
value and that the majority of the constants are located between 1.35 
and 1.50. 

In most cases the regularity of the progression series requires the 
interpolation of the same number of hypothetical stages between molts 
in order to reduce the value of the factor. According to the theory that 
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growth stages may occur that are not evinced by molts, one “latent 
division” may be accounted for by taking the square root of the factor 





SUCCESSIVE INSTARS 


Fig. 4. Growth in weight of insects. Logarithms of the weight values are plotted 
opposite the numbers of the corresponding instars. Dotted lines indicate slopes for 
factors of 2.00, 2.007, or 2.00°. 


calculated for the observed stages. If two stages are assumed to occur 
between molts, the adjusted value is equal to the cube root of the pro- 
gression factor for the observed stages. When the preceding growth 
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constants are adjusted in this way, in order to obtain the values nearest 
1.26, the mean of the various factors is 1.23. Although the latter value is 
much nearer 1.26, the frequency distribution (Fig. 3) shows that the 
distribution about 1.26 is not actually improved since the observed 
values show no grouping at 1.59 (1.26?) or 2.00 (1.26%). According to 
this method of analysis, the variation shown in the value of the pro- 
gression factor is too great to provide any support for the theory that 
the constant has the same value (1.26) for different species. 


TABLE III 
GROWTH QUOTIENTS OR PROGRESSION FACTORS FOR GROWTH IN WEIGHT 




















i Adjusted 
Subject | Source eo Progression 
Factor 
(ORTHOPTERA) 
Sphodromantis viridis (Forsk.) | Przibram and Megusar ‘12 2.14 2.14 
(Syn. : S. bioc ulaia Burm.)....... 
“ (second phase) wa : 1.62 1.62 
Carausius morosus Brunner.......... Eidmann '24.. 2.05 2.05 
Tenodera aridifolia (Stoll.) Przibram and Brecher '30 2.09 2.09 
Schistocerca gregaria Forsk.. Bodenheimer '32.... 2.19 2.19 
Melanoplus differentialis (Thos. | Hodge '33 2 2.22 2.22 
- - ” | 2 40 2.40 
(HomoptTERA) | 
Toxoptera graminum Rond... Bodenheimer '32 after Wadle 1.98 1.98 
(COLEOPTERA) 
Tribolium confusum Du Val. Brindley '30.. 2 61 2.61 
Dytiscus semisulcatus Mull... .| Bodenheimer '32 after Blunck }.61 1.90 
Dytiscus marginalis L. 5 - " * 3.96 1.99 
(LEPIDOPTERA) 
Pachypasa otus (Dru.)..... .| Bodenheimer '32 2.30 2.30 
Ephestia kuehniella Zell... . Brindley '30....... 3.55 1.88 
Pieris brassicae (L.) .| Bodenheimer "32 5.31 | 1.74 
Philosamia lunula (Walk.) - 6.83 1.90 
(Syn., P. ricini evnenee ; 
Bombyx mori L ; Przibram and Megusar "12 
after Luciano and Lo Monaco 11.82 2.28 
, m (second phase) ae cb pus :imikk emalnd 2.16 2.16 
(H YMENOPTERA) 
Cimbex quadrimaculata (Mull. Bodenheimer '32 3.51 1.87 
Mean... , pac  svied siete ; 3.46 2.07 


Progression of weight in successive instars is illustrated in Figure 4 
and the least-squares values of the progression factors are shown in 
Table III. These data show that the hemimetabolous species, and also 
Dytiscus marginalis L., approximately double in weight in successive 
stages. The mean value of the progression factor for all species is 3.46. 
When the values that show sufficient deviation are adjusted for sup- 
posed latent divisions according to the methods previously described, 
the mean value becomes 2.07. Although this value is close to the 
theoretical factor of 2.00, the constants for some of the species show 
considerable deviation from this figure. In view of the fact that the 
data for linear growth do not support the theory that growth in insects 
proceeds by simultaneous cell divisions, the nature of the support pro- 
vided by the data on growth in weight cannot be considered as being 
especially significant. 
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CONCLUSIONS 

Dyar’s criterion for the increase in head width in successive 
larval instars of Lepidoptera was found to describe the pro- 
gression in head width in nymphal instars of several species of 
Cicadellidae. An analysis of other data has shown that the 
principle is generally of descriptive value but exceptions to the 
rule are fairly common. These may be due to a regular decrease 
in the supposed constant value of the growth quotient in suc- 
cessive stages, to irregularities or breaks in the progression, or 
to an abrupt change in the value of the growth factor which 
would apparently indicate the existence of two or more growth 
phases. The same progression relationship, with similar lim- 
itations, may apply to the increase in weight of insects in suc- 
cessive instars. Variation in the value of the progression factor 
among different species shows that the Przibram progression 
principle is of doubtful significance. 
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AN ECOLOGICAL GLOSSARY, by J. RICHARD CARPENTER. Pages i-ix and 
1-306 plus 20 pages of maps and tables. 8vo (5!% x 8 inches) linen bound. 
Published by the UNIVERSITY OF OKLAHOMA Press, Norman, Okla. 
Price $4.00. 

This is, as its title indicates, a dictionary of terms used in ecological literature, 
both plant ‘and animal. The terms are arranged alphabetically. Following each 
term in the list is a reference to the literature where its definition or explanation 
has been given, usually a definition by the originator of the term. If a term has 
more than one usage each is given with a reference. 

Two very brief appendices are given; one, ‘‘Literature Cited in the Glossary,”’ 
which gives the major general papers and volumes on ecology, and “‘Historical 
Bibliography,’’ which gives works and papers which appear to apply particularly 
to the advancement of ecology as an organized science. These are arranged 
chronologically and begin with Warming, 1895. In the few pages of appendix 
are given tables of various systems of terms prominent in the literature and maps 
of North America and of the ecological regions of the world. 

Mr. Carpenter is a graduate of the University of Illinois, later of Oklahoma, 
and at present is completing his studies as a Rhodes Scholar at Lincoln College, 
University of Oxford.—C. H. K. 





AESHNA BILIOSA, A NEW DRAGONFLY FROM ANDEAN 
EQUADOR AND PERU (ODONATA: AESHNIDAE) 


CLARENCE HAMILTON KENNEDY, 
Ohio State University, 
Columbus, Ohio. 


Since June, 1936, when the first male appeared in shipments 
from Ecuador, the author has received altogether six males of a 
large and very strikingly colored Aeshna. A seventh male was 
found in the Williamson Dragonfly Collection in the Zoological 
Museum of the University of Michigan. We wish to thank the 
Director, Professor F. M. Gaige for the privilege of describing 
this with our material. 


Aeshna biliosa n. sp. 
(Pl. I, figs. 1-7.) 

The six males of this species at present in our collection were collected 
by William Clarke-Macintyre, Esq., on the Andes at elevations 
from 1900 meters to 3500 meters. The seventh male which came to the 
Williamson Collection was collected by Mr. Felix Woytkowski in the 
mountains of Peru at an elevation of 2400 meters. In correspondence 
this handsome dragonfly has been referred to as “black’’ because of its 
general dark coloration. The small pale spots because of color are not as 
conspicuous as they are in white in Fig. 1. The single striking mark is 
the bright, lemon-yellow face (frons, clypeus and labrum) which next 
to size and general blackness is the third item noticed. 

The holotype is deposited in the Williamson Dragonfly Collection, 
Zoological Museum, University of Michigan. Paratypes are in the col- 
lection of P. P. Calvert and in that of Ohio State University. 

Biliosa=bilious, in reference to the yellow face, a term introduced 
during the first century, A. D., by the Roman medical writer, Aurelius 
Cornelius Celsus. 

Holotype, male: Hind wing 52 mm. Abd. including appendages 58 
mm. Labrum, clypeus and frons bright yellow, except the following 
black; the extreme lower edge of labrum, a narrow line along base of 
labrum and T-spot on dorsal surface of frons. The cross bar of T-spot 
as wide as vertex; its vertical bar broad, 3% as wide ascross bar. (Cross 
bar wider in paratype figured, Fig. 2). The yellow of the face showing a 
slight orange tint on the labrum and a pale greenish tint on the dorsal 
surface of the frons. 

Mandibles black. Labrum orange across its base, shading into dark 
brown on lateral and lower edges. Vertex black with a pair of orange 
specks (None in paratype, Fig. 2). Antennae and antennal fossa black. 
Ocellae orange. Occipital triangle yellow with its edges and outer angles 
black. Rear and under side of head black. 
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Thorax dark brown above and on sides, paler below with about 40 
small bluish or yellow spots on front, sides and about bases of wings. 
Lateral edge of posterior lobe of prothorax edged with pale (a brownish 
yellow). Mesepisternum with an antehumeral stripe reduced to an oval 
bluish spot, one fourth as long as the sclerite; above this just below 
antealar carina a smaller oval yellow spot, crosswise of the sclerite, 
which is as long as half the width from humeral suture to mid-dorsal 
suture. A minute semi-circular bluish spot on each side of upper end of 
middorsal keel (not visible in Fig. 1). Mesepimeron with three pale 
yellowish oval spots, one near base, one at middle level, one on extreme 
upper end: the latter narrowly separated from a triangular spot of 
slightly smaller area on upper end of metepisternum. A third similar 
spot above alar carina on the metepisternum. Metepimeron with a set 
of four slightly larger dots but arranged as are those on the mesepimeron 
and metepisternum, except that the front-upper and middle dots are 
connected by a posterior bar forming a U with its open end forward. 
Posterior to the upper dot of the U there is the fourth dot which is dor- 
sal to the lateral alar carina. 

The following light dots lie on the dorsal surface of the synthorax: 
a pair of faintly blue dots on the anterior side of the deep sulcus posterior 
to the antealar sinuses; a median heart-shaped yellow dot on the pos- 
terior half of the mesonotum; across the posterior tip of this a narrow 
orange band; mesoscutellum with a similar yellow heart-shaped spot; 
metanotum with a large clear blue heart-shaped spot covering nearly 
all of its dorsal area; dorsal surface of each wing attachment with three 
yellow dots at base of costa; a fourth pale spot, yellow in fore wings, 
blue in hind wings at base between Cu and A. 

Wings with dark brown to black venation. Stigmas with dark brown 
frame but with membrane dark-brown above and bright creamy yellow 
below. Anal membrane sooty black except that this shades into dirty 
white on upper edge. Wing membrane without color except some traces 
of amber in anal triangle of hind wings and between bases of A and Cu, 
and between bases of R+M and C. 

Legs with coxae the medium-reddish-brown of the ventral surfaces 
of the thorax: femora of same color except on femur of fore leg shading 
into black on its outer third, on middle and hind femora shading into 
black on outer fourth; tibiae and tarsi black. 

Abdomen (described in Walker’s terms, 1912, p. 9): see our fig. 1 for 
pattern. Seg. 1 medium brown, spot D blue, a narrow isthmus between 
its two large triangular ends; spot L oval, yellow, two-thirds as wide as 
length of segment. Seg. 2 dark brown, spot MD blue, a narrow middor- 
sal yellow stripe from just below D to base of segment: AML yellow 
except a bluish tinge at base of the ML projection: PL yellow; PD blue. 
Auricle dark brown to black. A tinge of blue in the postero-ventral 
angle at side of segment 2. Seg. 3. AL yellow and broadly connected 
with ML: ML and MD fused into a straight-sided yellow band: PD 
blue and extending below middle of side: PL absent. Segs. 4-6 black, 
similar to each other: AL a broad-armed greenish V: ML and MD green, 
fused into a sigmoid band, the lower curve formed around a triangle of 
black in the base of ML: PD blue on seg. 4, green on segs. 5 and 6: PL 
absent. Seg. 7 black with green spots with pattern as in 6 but pale areas 
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narrower: PD narrowed to an obscure line: a faint suggestion of a large 
PL below the lateral carina. Seg. 8 black with green spots, with AL 
reduced to a minute angular dot; ML slightly larger than AL: MD 
extinct: PD three times as wide as on seg. 7 but not reaching middorsal 
line by a distance equal to its width: a faint suggestion (brownish area) 
of PL below lateral carina. Seg. 9 black with two green spots only: PD 
two-thirds as high as on seg. 8 and PL a distinctly greenish obscurely 
edged spot below end of the rounded (or obscure) lateral carina. Seg. 10 
and appendages black. 

The ventral surface of segs. 3-10 below the ventro-lateral keel is 
brown. The sternites of segs. 3-10 are dark almost black. In this dark 
area the two flaps closing the genital opening on seg. 9 are ivory white 
with a triangle of brown on each outer edge. 

The venation is with the inner side of the triangle of the hind wing 
more than half as long as outer side (in proportion of 3 to5or4to6). The 
subnodal sector (Rs) forks before the pterostigma. These characters 
place this species in Aeshna rather than in Coryphaeschna. 

The dorsal appendages of the holotype are shown in fig. 4. These 
are oblanceolate with the apex a strong conical hook with its point 
turned ventrad. On the dorsal side is a sub-apical carina with rounded 
ends, one-sixth to one-fifth as long as the appendage and which slopes 
dorsad and entad. (Shown better in Figs. 3 and 5 of paratype material.) 
The inferior is half as long as the superiors, broad and heavy with two 
conical teeth at its apex. 

The first and second abdominal segments of the holotype are shown 
in Fig. 6. Seg. 1 has a broad semi-circular area of minute denticles on 
the sternite. Auricle with two hooks (and on some a minute third at 
outer side). Posterior ends of ventral edge of pleurite of seg. 2 ending 
in a broad elevated triangle covered with minute piligerous denticles. 
The apices of the two areas turn outward from each other. The hamular 
area of the holotype is shown in Fig. 7. The spines of the anterior lamina 
are very long (2/3 length of anterior lamina plus anterior hamules.) 
and very slender (width 20 times in length). Each anterior hamule is 
folded on itself twice with the hamular process acutely pointed and 
directed cephalad. The posterior hamules are minute with tips barely 
visible on either side of the penis sheath (unshaded in Fig. 7). 


Described from the holotype, a male collected by Mr. William 
Clarke-Macintyre at La Ventana (near Bafios), Prov. Tun- 
gurahua, Ecuador, in the Rio Pastaza water shed in May, 1936, 
at an elevation of 2000 meters. 

Six other males, paratypes, have been studied as follows: 
No. 2. An old male with yellowish frayed wings collected at 
Bafios, 2000 meters, July 20, 1936. No. 3. Bafios, 1900 meters, 
Sept. 14, 1937. No. 4. Panticuchy (near Bafios), 2500 meters, 
Oct. 2, 1937. Nos. 5 and 6. Mt. Tungurahua, 3500 meters, 
Jan. 5, 1938. No. 7. A male collected by Felix Woytkowski, in 
‘‘Bogasan,’”’ Dept. Amazonas, Peru, 2400 meters, Dec. 23, 1936, 
for the University of Michigan collection. 
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Thus this large yellow-faced Aeshna flies in all four seasons 
and at an elevation of 1900 meters to 3500 meters. 

Aeshna biliosa is related to Aeshna punctata Martin but 
punctata has a bluish green face and more pale color on abdomen. 
(As Martin lists his material from ‘‘Mexico and Brazil” he 
probably is dealing with two closely related species.) The 
appendages (Martin, 1909, page 54, Fig. 51) are very similar but 
the terminal hook, and internal subapical keel are not in the 
same proportions in the two species. It is possible that our 
material agrees with Martin’s Brazilian material and his 
Fig. 51, and description, are from the Mexican material. 
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EXPLANATION OF PLATE | 


All figures are of the male Aeshna biliosa n. sp. Fig.1. Color pattern, holotype. 
Fig. 2. T-mark on the lemon-yellow frons, paratype. Fig. 3. View from above of 
appendages. In this view the superiors appear narrow because the inner edges are 
slanted down, from paratype. Fig. 4. View from side and below of appendages of 
holotype. The terminal spines of superiors diverge slightly, foreshortening the left 
or nearer one. Fig. 5. View from behind and to one side, paratype. Fig. 6. Ventral 
surface of abdominal segments 1 and 2, holotype. Fig. 7. Hamular area of genitalia 
enlarged, holotype. 
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THE METABOLISM OF THE CORN EAR WORM 
II. Glycogen and Moisture’ 


L. P. DitMAN AND G. S. WEILAND? 


Department of Entomology, University of Maryland 


Investigation of the glycogen content of insects has been 
confined to a relatively few holometabolous species, including 
the honey bee, Aphis mellifica (Straus (11) ); the silk worm, 
Bombyx mori (Bataillon (1) ), (Bataillon et Couvreur (2) ); the 
tent caterpillar, Malacosoma americana (Rudolfs (8) ); the bot 
fly, Gastrophilus equi (Kemnitz (5, 6)) and a few others. 
Literature on this subject, except a few recent papers, has 
been reviewed by Uvarov (12) and Dorothy Needham (7). 
Glycogen is reported present in nearly all species studied. It 
is apparently derived from carbohydrates in the food, and is 
stored especially during the latter part of larval life, at which 
time it reaches its peak. It gradually disappears during 
the pupal period. The amount of glycogen stored during 
larval life varies with different species of insects, mature larvae 
of Malacosoma americana containing on a dry weight basis 
only .45% (8) while larvae of the honey bee contain as much as 
33.4% (11). 

It is difficult to say definitely for what purpose glycogen 
is used in the insect; it may be converted into glucose which in 
turn is used for the production of energy, it may be converted 
into fat, or it may be used in the construction of new tissue. 

This report is concerned with the amount of glycogen in the 
bodies of mature corn ear worm larvae and its subsequent 
decline just before and during the pupal period. Larvae were 
reared on sweet corn ears in early milk stage and dough stage 
at two different temperatures to determine if food and tem- 
perature during the growing period influenced the amounts of 
glycogen stored. Observations were also made on the effect 
of changes in temperature during the pupal period on the rate 
of disappearance of glycogen. 

1Part No. I. Fat and Moisture. Md. Agr. Exp. Sta. Bull. No. 314, 1938. 

2G. S. Weiland, temporary Laboratory Assistant, Department of Entomology, 


University of Maryland, during the summer of 1937; now Assistant Professor of 
Organic Chemistry, Wittenberg College, Springfield, Ohio. 
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MATERIALS 


Insects used in these experiments were collected in the field as young 
larvae, usually in the second instar, and were reared in two-ounce salve 
boxes in the same manner as those used for observations on fat 
metabolism studies already reported (Ditman (4) ); pupae were kept 
on moist soil in four-ounce salve boxes. One incubator which held a 
temperature of 86° + 1° F., another which held a temperature of 65° 
to 70° F., and a refrigerator which maintained a temperature from 
38° to 44° F. were used in these experiments. All insects were 
analyzed as soon as they reached the desired stage of development; none 
was stored. 


METHODS 


Glycogen was determined by a slight modification of the method of 
Blatherwick, Bradshaw, et al. (3). The insects used for glycogen 
determinations were weighed, and killed by heating in a drying oven 
for fifteen minutes at 221° F. (105° C.) to prevent post-mortem glycogen 
change, and dried in a vacuum oven at 131° F. (55° C.). Each dried 
sample, containing three insects, was placed in a test tube, crushed 
with a stirring rod and treated with 3 cc. of 30% KOH (by weight) and 
the tube with contents was kept immersed in a boiling water bath until 
the clearing of the solution indicated that the insect tissues were dis- 
integrated. With frequent stirring, this required about one-half hour. 
Because of the fragments of exoskeleton which do not dissolve, the 
contents of the test tube were transferred to a 15 cc. centrifuge tube, 
made up to 15 cc. with 30% KOH, and centrifuged for five to ten 
minutes, the insoluble debris separating into layers at top and bottom. 
By means of a pipette, a 5 cc. aliquot was transferred to another 15 cc. 
centrifuge tube, to which 7 cc. of 95% alcohol was added, and after 
stirring, was heated to boiling in a water bath. After cooling and 
centrifuging five to ten minutes at 3000 r.p.m., the liquid was poured 
off leaving the precipitated glycogen which had settled to the bottom. 
The tube was inverted and allowed to drain for about five minutes and 
the glycogen was then dissolved in 1.5 cc. of hot water, transferred to a 
125 cc. Erhlenmyer flask, the KOH neutralized with 2N HeSO, (phe- 
nolphthalein indicator) and 5 cc. of acid added in excess for hydrolysis, 
which was carried out in an autoclave at 15 pounds pressure for one-half 
hour. After hydrolysis, the resulting solution of glucose was neutralized, 
transferred to and made to volume in a 25 cc. volumetric flask (further 
dilution is necessary in samples containing large amounts of glucose) 
and a 5 cc. aliquot taken for determination of glucose by the Somogyi 
(10) modification of the Shaffer and Somogyi (9) method. 

One deviation from the original method of Blatherwick, Bradshaw, 
et al., which permits the determination of the dry weight of the sample 
to be made involves the use of heat instead of dry ice or liquid air in 
preparing the sample. To ascertain if the method just described avoids 
loss of glycogen by post mortem decomposition, determinations of 
glycogen so made were compared with results obtained by dropping 
live insects into hot KOH. A comparison of results on a wet weight 
basis indicated that the use of heat was quite satisfactory. For the 
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hydrolysis of glycogen, the autoclave was superior to the water bath. 
Results of some experiments on the time required for hydrolysis in a 
water bath indicated that two and one-half hours in boiling water as 
prescribed by Blatherwick, Bradshaw, et al., was not sufficient time for 
complete hydrolysis of all the glycogen in some stages of the development 
of the insect. 

The method of Blatherwick, Bradshaw, et al., for estimation of 
fermentable and non-fermentable reducing substances was not found 
satisfactory in attempts to determine total reducing carbohydrate other 
than glycogen in this insect, since results varied from .0% to 8% 
glucose and the variation was such as to indicate that non-sugar reducing 
substances were not sufficiently removed from solution; all total reducing 
sugar results were discarded. 
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Fig. 1. The percentage of water in prepupae and pupae of the corn ear worm from 
larvae reared on dough-stage and milk-stage corn at 86°+1° F. and held at 
that temperature until time of emergence of adults. 


RESULTS 
Moisture was determined in all samples analyzed for 
glycogen and sugar; the percentages secured are presented in 
figures 1, 2, and 3. Each point on the graph represents an 
average of three samples each composed of from three to eight 
insects. 
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Fig. 2. The percentage of water in prepupae and pupae of the corn ear worm from 
larvae reared on dough-stage and milk-stage corn at 86°+1° F. Pupae sub- 
jected to a temperature of 41°+3° F. for a period of ten days during their 
development. 
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Fig. 3. The percentage of water in prepupae and pupae of the corn ear worm from 
larvae reared on dough-stage and milk-stage corn at 86°+1° F. Pupae sub- 
jected to a temperature of 41°+3° F. for a period of 40 days. 
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The percentage of glycogen on a basis of dry weight found 
in the corn ear worm between the time larvae were mature and 
the time adults were emerging is given in figure 4 when insects 
were reared and kept at 86° +1° F. and in figure 5 when they 
were reared and kept at 86°+1° F. except for a period of ten 
days during which time pupae were exposed to a temperature 
of 41°+3° F. To determine the effect of prolonged low tem- 
perature, two series of insects, one reared on milk-stage corn 
and one on dough-stage corn, were placed in a refrigerator 
at 41°+3° F. when the pupae were one day of age. They 
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Fig. 4. The percentage of glycogen on a dry weight basis, in prepupae and pupae 
of the corn ear worm from larvae reared on dough-stage and milk-stage corn at 
86°+1° F. and held at that temperature until emergence. 


were analyzed at intervals up to 40 days and the results are 
given in figure 6. All samples used for glycogen determinations 
contained three insects each and were run in triplicate. 

The actual amount of glycogen present in the various insects 
analyzed is given in Tables I, II, and III. To show the varia- 
tion in the average size of insects, average wet and dry weights 
are also given. The difference in average size of insects in a 
sample accounts, in part, for some of the discrepancies in the 
results showing the decrease in milligrams glycogen per insect, 
which are corrected to a considerable extent when the glycogen 
decrease is considered on a basis of per cent of dry weight. 
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TABLE I 


AVERAGE WET OR LIVE WEIGHT, Dry WEIGHT AND WEIGHT OF GLYCOGEN PER INSECT, 
LARVAE REARED ON DouGH-STAGE AND MILK-STAGE Corn at 86°+1° F. anp 
Kept AT THAT TEMPERATURE UNTIL TIME FOR EMERGENCE. 


REARED ON MILK-STAGE REARED ON DouGH-STAGE 
CoRN CorRN 
AGE AND 
TEMPERATURE 
Mg. Wet | Mg. Dry Mg. |Mg. Wet | Mg. Dry Mg. 
Weight | Weight |Glycogen| Weight | Weight |Glycogen 





Prepupae, Ist day, 86° 616 184 11.9 566 172 11.9 

Prepupae, 2nd day, 86°} 411 130 7.6 470 159 8.1 

Pupae, Ist day, 86°... 432 149 6.6 460 165 7.3 

Pupae, 4th day, 86°... 440 150 §.2 415 143 4.6 

Pupae, 8th day, 86°... 414 128 1.3 448 153 ee 

Pupae, 9th day, 86°...) 421 111 0.5 452 134 0.7 
TABLE II 


AVERAGE WET WEIGHT, Dry WEIGHT, AND WEIGHT GLYCOGEN PER INSECT FOR 
PupaAE WHICH WERE HELD at 86°+1° F. Four Days, FoLLOWED By TEN 
Days aT 41°+3° F. THEN at 86°+1° F. UNTIL EMERGENCE BEGAN. 
INSECTS REARED ON DouGH-STAGE AND MILK-STAGE CORN 


AT 86°+1° F, 
REARED ON MILK-STAGE REARED ON DouGH-STAGE 
CorRN CorN 


AGE AND 
TEMPERATURE 
Mg. Wet | Mg. Dry Mg. |Mg.Wet|Mg.Dry} Meg. 
Weight | Weight |Glycogen| Weight | Weight Glycogen 





Pupae, 1 day, 86°.....} 433 149 6.6 459 165 a.) 
+ 3 days, 86°...... 440 151 5.2 416 144 4.6 
+ 10 days, 41°..... 444 146 4.1 463 152 5.5 
+ 4 days, 86°...... 444 136 3.4 437 141 3.4 
+ 1 day, 86°....... 411 120 0.6 425 136 0.4 

TABLE III 


AVERAGE WET WEIGHT, DRY WEIGHT, AND WEIGHT GLYCOGEN PER INSECT, FOR 
PuPAE FROM LARVAE REARED ON DoUGH-STAGE AND MILK-STAGE CORN AT 
86°+1° F. WuHich WERE HELD aT 41°+3° F. ror 40 Days. 





REARED ON MILK-STAGE REARED ON DoOUGH-STAGE 
CorRN CoRN 
AGE AND 
TEMPERATURE 
Mg. Wet | Mg. Dry Mg. |Mg.Wet|Mg.Dry| Mg. 
Weight | Weight |Glycogen| Weight | Weight |Glycogen 
Pupae, 1 day, 86°..... 432 149 6.6 459 165 wie 
+ 3 days, 41°..... 428 152 5.4 456 169 6.1 
+ 17 days, 41°..... 442 146 5.5 430 146 5.7 
+ 20 days, 41°..... 419 133 5.0 433 146 | 6S 
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Two groups of larvae were reared, one on milk-stage corn 
and one on dough-stage corn, at a temperature of about 70° F. 
and were analyzed for glycogen during the prepupal period. 
Results for insects reared on dough-stage corn were: prepupae 
one day, 6.6% glycogen (dry weight basis) or 12.4 mg. per 
insect ; prepupae two days, 6.2% glycogen or 11.9 mg. per insect; 
prepupae five days old, 4.1% or 6.8 mg. per insect. Results 
of analyses of larvae reared on milk-stage corn showed a greater 
amount of glycogen: prepupae one day old contained 9.4% or 
15.1 mg. per insect, prepupae two days old contained 7.0% 
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ig. 5. The percentage of glycogen, on a dry weight basis, in prepupae and pupae 
of the corn ear worm from larvae reared on dough-stage and milk-stage corn at 
86°+1°F. Pupae subjected to a temperature of 41°+3° F, for a period of ten 
days during their development. 


or 10.3 mg. per insect. These results were from samples which 
contained three insects each and were run in triplicate. The 
comparatively large amount of glycogen present in day-old 
prepupae from larvae reared on milk-stage corn was consistent 
in the three samples analyzed. They contained 9.0%, 9.08%, 
and 9.9%. 
DISCUSSION 

In these observations, glycogen occurred in the greatest 

amount at the time the larvae had just finished feeding, fell off 





1938] Ditman and Weiland: Metabolism 585 


rather rapidly during the prepupal period, then less rapidly 
during the pupal period until emergence. When pupae were 
held at a temperature of 41° +3° F., the rate of glycogen decline 
became very slow, an indication of a very slow rate of 
metabolism in the insect. The rapid decrease of glycogen in 
the prepupal period is correlated with an increase in fat at 
this time as has already been pointed out (4). 

The accumulation and decrease in the amount of glycogen 
in the corn ear worm are similar to the trends in the storage 
and consumption of glycogen in some other insects studied, 
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Fig. 6. The percentage of glycogen, on a dry weight basis, in prepupae and pupae 
of the corn ear worm reared on dough-stage and milk-stage corn at 86°+1° F., 
pupae held at 41°+3° F. for 40 days. 


namely, the honey bee (11), the tent caterpillar (8), the silk 
worm (1, 2), and the bot fly (5, 6). The fact that glycogen was 
higher in prepupae, particularly those reared on milk-stage 
corn, at 70° F. cannot be explained at this time. 

The results of moisture determination, in general, confirm 
those made on material used for fat analysis (4). Probable 
oxidation of glycogen accounts for some of the increase in per- 
centage of moisture during the pupal period. The rapid 
moisture increase on the last day of the pupal stage is rather 
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interesting. An examination of data in figure 4+ shows no 
accelerated rate at this time in the decrease of glycogen that 
might be correlated with this moisture increase, while data in 
figure 5 show a rapid decrease in glycogen at the time just 
preceding emergence. This sudden moisture increase the day 
before emergence cannot be attributed to an increased rate of 
glycogen oxidation from data presented here. It may also be 
noticed in figure 5 that there is an apparent lag in the rate of 
metabolism, judged by glycogen decrease, for a short period of 
time after insects are changed from 41°+3° F. to 86° +1° F. 
before the rate normal to the higher temperature is resumed. 


SUMMARY 


1. The difference in the age of corn used for feeding corn 
ear worm larvae does not significantly influence the amount of 
glycogen stored in insects reared at 86°+1° F. At 70° F., 
prepupae, particularly those from larvae reared on milk-stage 
corn, contain larger amounts of glycogen than insects reared on 
dough-stage or milk-stage corn at 86°+1° F., indicating that 
certain environmental conditions during the growing period 
may influence amounts of glycogen stored. 

2. The large amount of glycogen present at the time larvae 
have finished feeding decreases until adults emerge. 

3. When pupae are placed at a temperature of 41° +3° F., 
the rate of decrease of glycogen is very much reduced, an 
indication of a very slow rate of metabolism at this temperature. 

4. Increase in water during the pupal period is correlated 
with a decrease of glycogen. It is possible that part of this 
water results from the oxidation of glycogen. 

5. That insects maturing on milk-stage corn contain more 
water than those reared on dough-stage corn confirms findings 
reported in Part I (4) of these studies on corn ear worm 
metabolism. 
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METHODS AND MATERIALS FOR TEACHING BIOLOGICAL SCIENCES 
by Davin F. MILLER and GLENN W. BtaybEs, 1938. 6x9 inches. Pages 
ix-435, 146 text figs. Published by McGraw-Hitt Book Company, INc., 
330 West 42nd St., New York, N. Y. Price $3.50 


Knowing something of the work and point of view of the authors we believe 
that ‘‘Methods and Materials for Teaching Biological Sciences’’ will prove to be a 
volume very useful to all teachers of general biology. If it is carefully followed by 
the intelligent teacher it will prove a boon to classes in the subject. The volume 
undertakes the very difficult task of urging the teacher to teach from materials and 
associated problems rather than from books. It is a teacher’s manual of teaching. 

he text is divided into two quite different sections. The first part deals 
with ‘‘Principles and Classroom Methods."’ It is the modern pedagogy wherein 
the attempt is made to induce the student to evaluate firsthand evidence and to 
think logically from his findings of proven fact. The second part supplements the 
first. ‘‘Preparation and Uses of Classroom Materials” gives very clear instruc- 
tions as to where to find classroom material, how to prepare it, how to set up 
various simple experimental apparatus. The whole is planned with the very lim- 
ited means of the average teacher in mind. This handbook has been written by 
men who have had much experience in high school and college teaching of biology 
at undergraduate levels and in the complementary graduate field, of teaching 
biological teachers how to teach. 

The teachers of art and of music from necessity have always associated train- 
ing of the eye or ear and muscular system with the training of the intellect. Train- 
ing in these fields aims at production and thus trains the muscular system. Too 
much of our biological training at high school level and in phases of college work 
trains only the memory for a ‘‘knowledge’’ of the subject. Somehow the teacher 
does not really expect the student to go on and be productive in the field of biolog- 
ical science. Such teachers forget that every effort in life the student makes 
raises the biological problem of just which of several efforts should be made, how 
the selected effort should be made and why. Such teachers forget that the stu- 
dent’s success in life will depend much on his ability to evaluate evidence and to 
draw correct conclusions. The volume “fosters, through suggestion, the use of 
the problem and project method, which will give the student not merely biological 
information but also practice in using this information in the understanding of 
principles in his daily life.’ The book is a most excellent effort to interest the 
student in correct thinking. 

The text is well illustrated and is one of those rare texts in which all the 
figures have been drawn expressly for this work. This means further that the 
subject matter of the illustrations has been carefully selected. The writer believes 
that ‘‘Methods and Materials for pair a ty on Sciences’’ will prove to be 
a distinct contribution to its field.—C. 





ON THE ANATOMY OF GRYLLOBLATTA 
CAMPODEIFORMIS WALKER 


3. Exoskeleton and Musculature of the Neck and Thorax.' 


E. M. WALKER 
Department of Biology, University of Toronto 


In the following descriptive account of the neck and thorax 
of Grylloblatta the nomenclature of Snodgrass (1929) is followed 
as closely as possible and the muscles are listed in essentially 
the same order, a few changes in terminology or sequence being 
introduced where these seemed necessary, e. g., where differ- 
ences exist in the functions of apparently homologous muscles 
in the two types Grylloblatta and Dissosteira (the form used by 
Snodgrass). 

But little comparison is made here between the skeletal 
features of Grylloblatta and other orthopteroid insects, since to 
do so adequately would require much more space than is 
available. Some comparison is made, however, between the 
musculature of Grylloblatta and four other orthopteroid insects, 
which have been intensively studied in this regard, viz., 
Dissosteira (Snodgrass, 1929); Gryllus (Voss, 1905; Du Porte, 
1920); Dixippus (Jeziorski, 1918); and Megacrania (Maki, 
1935). Fuller’s (1924) work on the thorax of winged termites 
and Wu’s (1923) study of Nemoura have also been taken into 
account. 

Although the writer’s views on the inter-relationships of 
the various orthopteroid groups have not changed materially 
since the publication of the last paper of this series (Walker, ’33), 
he is inclined to the opinion that the various groups which he 
formerly regarded as of ordinal rank are scarcely worthy of 
that distinction. Grylloblatta certainly belongs to the same 
order as the Saltatoria on the basis of such criteria as are used 
for the characterization of insect orders in general, yet it 
possesses so many blattoid-isopteran features that it is almost 
equally difficult to separate it from this series. And to bring 


1Walker, 1931. On the anatomy of Grylloblatta campodeiformis Walker. No. 1. 
Exoskeleton and Musculature of the head. Ann. Ent. Soc. Amer. 24: 519-536, 4 pls. 

Walker, 1933. On the anatomy of Grylloblatta campodeiformis Walker. No. 2. 
Comparisons of head with those of other Orthopteroid insects. Ann. Ent. Soc. 
Amer. 26: 309-344, 7 pls. 
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these groups together in one order would necessitate also the 
inclusion of the Phasmaria, to which Gryllobdlatta is also related. 
In short, it appeared best at the present time to retain the 
old order Orthoptera, including within its limits the fossil 
groups Protoblattaria and Protorthoptera and the recent 
groups Isoptera and Grylloblattaria. The order would thus 
be divided into the following suborders: Protoblattaria, Blat- 
taria, Mantaria, Isoptera, Protorthoptera, Grylloblattaria, 
Saltatoria and Phasmaria. 


THE EXOSKELETON 
THE CERVICAL SCLERITES 


There are two pairs of lateral cervical sclerites widely separated 
mesally. No median sclerites are found. 

The first cervical sclerites (laterocervicale;? figs. 1, 2, 3, 5) are two 
large, broadly triangular plates, separated from one another by a 
membranous interval of about their own width. Each sclerite has a 
rounded posterior margin, a prominent postero-lateral angle and a 
thickened lateral ridge, which is continued anteriorly upon a slender 
neck-like process articulating with the occipital condyle (on the post- 
occipital ridge of the head). 

The second cervical sclerite (postcervicale;? figs. 1, 2, 3, 5, 10) is 
hinged with the first sclerite at the postero-lateral angle of the latter. 
It is a much smaller plate bent dorsad so as to form a prominent angle 
with the first sclerite, recalling the relation of cardo to stipes in a typical 
maxilla. A smaller posterior portion of the second sclerite (inter- 
sternite)* is marked off by a groove from the main part of the sclerite 
and this portion is contiguous with the basal sclerite of the coxopleurite 
(q. v.), close to the junction of the latter with the trochantin. 


THE THORACIC SCLERITES 


The three segments of the thorax are freely movable upon one 
another and are successively shorter from the prothorax backwards. 
Each is depressed and covered by a quadrate tergum which is clothed 
with short hairs. The meso- and metapleura are partly membranous 
and the sclerotized areas are thinner than the terga, except in the region 
of the pleural sutures, which extend very obliquely ventro-caudad, the 
coxae being articulated far backward. A well developed trochantin is 
present on each segment and, in the meso- and metathorax, there are 
large precoxal sclerites. The sterna are reduced to relatively small, 
thin plates, separated by large membranous areas in which the spinae 
are isolated. The presence of a third spina is a remarkable primitive 
feature of Grylloblatta. 





2Crampton (1926). 
3Crampton (1926). 
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THE PROTHORAX 
The Protergum (figs. 2, 4, 8-10). 


The protergum (pronotum) is a large, quadrate plate, somewhat 
longer than wide and wider in front than behind, with straight lateral 
margins. The anterior margin is slightly arcuate and projects a little 
over the occipital region of the head. The posterior margin is also very 
slightly produced. Near the anterior margin is a transverse groove, 
which appears on the underside as a strong ridge, simulating an 
antecosta. 

The sides of the prothorax are curved inwards and the upper part 
of this region (t g 1 a), contiguous with the lateral margin of the 
protergum, is thinly sclerotized in the adult insect, though membranous 
in the earlier stages. This region was identified by Crampton (1926) 
as the episternum but is apparently not a part of the true pleuron, 
having the same relation to the latter as does the underside of the 
projecting protergum in the cockroach or the inner surface of the same 
part in the grasshopper or cricket. 


The Propleura. 


The propleura (figs. 2, 3, 13, 14) resemble those of certain Plecoptera 
in being distinctly divided into anapleurite and coxopleurite (trochantino- 
pleurite, Weber, 1933), but the trochantin is separated, as in other 
Orthoptera, from the remaining part of the coxopleurite (basal sclerite, 
Crampton, 1915).4 The general structure shows affinities with the 
Blattaria but the presence of a well-developed entopleurite indicates a 
closer relationship with the Saltatoria. 

The basal sclerite is contiguous along its upper margin with the 
anapleurite and is divided into a larger episternal (esc) and a smaller 
epimeral portion (emc), whose surfaces form the slopes of the depression 
in which the pleural suture lies. The episternal part (postrochantin of 
Crampton, trochantin externe of Carpentier, 1936) is contiguous with 
the second cervical sclerite and the trochantin (distitrochantin or 
trochantin interne). The inner surface of the basal sclerite is marked 
by a strong pleural ridge, terminating below, at the ventral angle, in 
the pleural condyle. 

The trochantin (tn) is a convexly curved, triangular sclerite, strength- 
ened by an internal longitudinal ridge, which is slightly grooved 
externally. It is contiguous in front with the antero-ventral edge of 
the basal sclerite, close to its articulation with the second cervical 
sclerite. Its apex articulates with the anterior margin of the base of 
the coxa. 

The anapleurite is separated from the upper margin of the basal 
sclerite by a well marked suture (s). It is divided by a continuation of 
the pleural ridge into episternal and epimeral parts. Only the lower 
part of the episternal area is exposed, the upper and larger part being 
invaginated into the prothoracic cavity in the form of a cristate process, 
the entopleurite or episternal process (fig. 13). The crescentic upper 


‘This is the ‘‘postrochantin"’ together with the ‘‘intertrochantin” of Crampton 
(1926). His ‘‘basitrochantin” appears to be the same as the ‘“‘postrochantin.” 
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margin of the opening of this invagination is the continuation of the 
pleural ridge. Posterior to this ridge is the epimeral part of the 
anapleurite, which is bounded above by a curved suture(s1). Between 
the epimeral divisions of the coxopleurite and anapleurite is a con- 
tinuation of the infolded cuticle which appears externally as a thick 
ridge, connected in front with the pleural ridge, the opening being a 
mere slit. Internally this infolding appears as a short knob, which, 
from its relation to the prosternal apophysis, is readily identified as the 
pleural arm (figs. 3, 14). 

The propleuron of Grylloblatta resembles that of Blattella (v. Car- 
pentier, 1936, fig. 4) in the presence of the basal sclerite, which in the 
Blattids consists of the part termed by Carpentier “trochantin externe’’ 
together with a portion of the epimeron. The structure of the pleural 
ridge and pleural arm is also similar. In the Blattidae, however, the 
episternal part of the anapleurite is not invaginated to form an ento- 
pleurite as it is in Grylloblatta and the Saltatoria. Grylloblatta further 
approaches the Saltatoria in the loss of the sclerite or sclerites which 
Carpentier terms the “lateropleurite” and “laterosternite.”’ On the 
other hand in the Saltatoria the basal sclerite has lost its individuality, 
the distinction between anapleurite and coxopleurite having accordingly 
disappeared. 


The Prosternum. 


The prosternal region (figs. 1, 3) is extensively desclerotized. A 
large, rounded prominence in the anterior part of the region is occupied 
by the basisternum (verasternite, Martin, 1916), a rather thin sclerite, 
whose outline appears distinctly only in cleared preparations in which 
it is seen to be rounded in front and bluntly angulate behind. Its only 
strongly sclerotized part is the well-marked internal median ridge. In 
the membranous area a short distance behind the basisternum are two 
sclerotized spots, the points of origin of the prosternal apophyses. 
Each apophysis (figs. 3, 8, 9) has a short stem from which a long lateral 
arm, bifid near the tip, extends forward and outward to meet the 
pleural arm with which it is connected by short muscle fibres (pleuro- 
sternal muscle, No. 55). There is also a much shorter posterior arm. 


The Fore Legs. 


The fore coxae (figs. 2, 5, 11, 12) are large and longer than the other 
coxae. The plane of the base is oblique to the longitudinal axis, which 
is consequently directed backwards as well as downwards, as in a 
cockroach, although in lesser degree. The coxae are about twice as 
long as their middle width, somewhat constricted at the basicosta and 
gradually narrowed to the distal end. The basicosta is continuous and 
is nowhere far from the basal margin, although a slight production of 
the base behind the pleural articulation forms a small, bluntly angulate 
meron. The surface is smoothly rounded and convex except the lateral 
or flexor surface, which is flattened and somewhat concave below. 
A distinct anterior coxal ridge separates this surface from the anterior 
surface, extending from the pleural articulation to the distal end, 
where it is sharpest. A portion of the lateral wall adjoining the 
trochanter is membranous and has a strongly arcuate upper margin. 
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The fore coxae are involved in three articulations, viz.: (a) the 
trochantinal articulation, (b) the pleural articulation, and (c) the coxo- 
trochanteral articulation. The first two will be described here. 

(a) The trochantinal articulation (figs. 11, 18, 14). The acute 
postero-medial angle of the trochantin is connected with the anterior 
part of the base of the coxa by a slight thickening of the cuticle. There 
is no modification of the coxal margin. 

(b) The pleural articulation (figs. 12, 138, 14). The pleural condyle 
articulates with the basicosta immediately laterad of the trochantin. 
It fits into a very shallow socket in the coxal base. 

The fore trochanter and coxo-trochanteral articulation (figs. 6, 11, 16). 

The trochanter is about half as long as the coxa with a short, longi- 
tudinally very concave dorsal surface and a much longer convex ventral 
surface. It is distinctly twisted forward, so that the femur, in the 
usual position, is directed more or less forward. 

The expanded base is elongate and very asymmetrical. It is pro- 
duced ventrally into a prominent angle, the ventral lip (vl), for the 
insertion of the depressor muscle, while dorsally the rim is quite narrow. 
About the middle of the anterior margin is the large anterior condyle 
(figs. 6, 16), a stout process which engages a socket of the coxa with 
much thickened walls. In front of the anterior condyle is the insertion 
of the tendon of the levator muscle. The posterior condyle is much 
smaller than the anterior and is shifted dorsad. The plane of the 
articulation is thus not transverse to the latero-mesal plane of the 
coxa but very oblique (antero-laterad, from behind). 

The trochantero-femoral articulation (figs. 29, 30). 

The distal end of the trochanter, whose margins are somewhat 
flaring, fits closely into the base of the femur. There is a rudimentary 
dicondylic joint in the dorso-ventral plane, the minute condyles being 
borne by the trochanter. 

The fore femur is about a fourth longer than the coxa, compressed, 
longitudinally arcuate above, nearly straight beneath, the whole surface 
covered with hairs, which are comparatively long and dense along the 
ventral surface but are elsewhere very short. There is also an irregular 
row of stout setae along the under side of the femur and a few scattered 
on the dorsal and mesal surfaces. Distally these anterior and posterior 
walls project ventrally in the form of two sharply marked ridges con- 
tinuous with the apical margin. Between these ridges the ventral 
wall, near the base of the tibia is membranous. 

The fore tibia is somewhat shorter than the femur, slender, cylindrical 
and slightly enlarging distally, densely covered with short hairs among 
which are a few stout setae, especially on the flexor surface, and two 
strong, ventral, terminal spurs, of which the inner (anterior) is con- 
siderably the larger. 

The base of head of the tibia (figs. 7, 18) is scarcely enlarged, being 
widened only at the level of the condyles. The dorsal lip is bluntly 
angulate and slightly asymmetrical, the posterior slope of the angle 
being slightly hollowed for the insertion of the tendon of the levator 
muscle. Ventrally the base is membranous. 

The femoro-tibial articulation (figs. 7, cf. 18) is a simple dicondylic 
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joint. The anterior and posterior condyles, which are angular processes, 
about equally developed, are each received into a slight hollow beneath 
an internal prominence on each side of the femoral wall. The two 
prominences are connected dorsally by a marginal thickening. 

The fore tarsus (figs. 37, 39) is barely shorter than the tibia and is 
five-jointed. The first and last segments are about equal in length, the 
others each about a half shorter. Each segment, except the last, is 
widest at the distal end, and each, except the first, is strongly con- 
stricted at base. The fibio-tarsal articulation (cf. fig. 19) is a mono- 
condylic joint, the single, well developed condyle being situated dorsally 
on the posterior wall of the base of the tarsus and engaging a socket 
with a thickened wall at the adjacent margin of the tibia. The basal 
articulations of the remaining segments are alike and are without 
condyles. Each segment is narrowed basally into a slender stalk, 
arising from a dorsal emargination of the preceding segment. From 
the distal ends of the first four segments a pair of latero-ventral mem- 
branous pads or euplantulae, arise, each bearing a few lateral hairs. 
The fifth segment bears a single median pad, immediately distal to 
which is the unguitractor plate. On account of this position the single 
pad on the fifth segment cannot be regarded as a true arolium. All the 
tarsal segments bear the usual clothing of hairs of variable length, 
together with lateroventral rows of setae on the first three segments, 
arranged as follows: segment 1, three pairs and sometimes an additional 
distal one; segment 2, an apical pair and usually another on one side; 
segment 3, an apical pair. The other two segments are without these 
stout setae. 

The paired tarsal claws are about two-thirds as long as the fifth 
segment and are smooth and simple. There is no trace of a median claw. 


THE FIRST THORACIC INTERSEGMENTAL REGION 


In the intersegmental membrane between the prothorax and meso- 
thorax the following structures are found: 

The first spiracle (fig. 27) is situated in the intersegmental membrane, 
a short distance anterior to the front margin of the mesopleuron near 
the anterolateral angle of the mesotergum. The opening is guarded in 
front and behind by convex lips, together forming a transversely 
elliptical prominence, which has a fine granular surface inside.’ Around 
the periphery is a narrow peritreme which is thinly dotted with hairs. 
When the lips are spread apart the spiracle is a circular disc with a round 
central aperture of about one-third the diameter of the disc. A slender 
elastic ligament connects the ventral margin of the peritreme with 
the antero-lateral corner of the meso-basisternum. 

The first spinasternum (fig. 1) is a small median sclerotized spot 
in the intersegmental membrane and bears the first spina (fig. 3). This 
consists of a short erect base from which a long free shaft extends 
forward nearly to the posterior end of the basisternum. 





5Under high magnification this appears as a network of fine ridges. 
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THE MESOTHORAX 


The Mesotergum (figs. 2, 4, 22, 24). 


The mesotergum is about three-fourths as long as the protergum. 
It is nearly flat above, a little constricted at base, with slightly divergent 
sides, which are deflected a short distance over the pleuron in the form 
of free lateral folds. At the front margin is the antecosta which appears 
from below as a low ridge, there being no phragma present. A short 
ridge, for the attachment of muscle 76, extends mesocaudad from the 
antecosta near each lateral extremity. 


The Mesopleura (figs. 2, 3, 24, 31). 

The mesopleura are thinly sclerotized except in the vicinity of the 
pleural suture which extends very obliquely from the antero-dorsal 
angle, under the overlapping tergum, ventro-posteriorly to the base of 
the coxa. At the upper end of the pleural ridge is a somewhat T-shaped 
expansion, its posterior limb projecting freely. This may be regarded 
as a vestigial wing process. The pleural arm is situated near the lower 
fourth of the ridge and is comparatively short. It is barely connected 
in front with the pleural ridge, being chiefly a process of the epimeron. 
Its base is indicated externally by a sclerotized depression. 

The episternum is thinly sclerotized, its firmest area being in the vicin- 
ity of the pleural ridge. It is bounded anteriorly by a slight ridge and 
is delimited below from the precoxale and the trochantin by straight 
sutures or narrow membranous intervals. A small patch of slender 
hairs and a few stouter setae occupy the broadest part near the front 
margin. 

The epimeron is almost membranous except over a rather narrow 
area along the pleural ridge, the base of the pleural process showing 
externally as a darker depressed spot. The posterior margin is oblique 
and somewhat arcuate, but is distinct only in cleared preparations. 
The lower, margin, just behind the coxal articulation is notched to 
receive the lateral angle of the coxal base. 

The precoxale (Crampton, 1914) (figs. 1, 2, 3) is a large subquadrate 
plate occupying the space between the basisternum and the episternum 
and extending from the front margin of the segment to the trochantin. 
It is narrowest in front, widest at the posterior end and is rather thinly 
sclerotized. This is included provisionally among the pleural sclerites 
on the basis of the subcoxal theory (Heymons, 1899; Snodgrass, 1927; 
Weber, 1928) but the fact that its only muscular connections are with 
the pleuron (episternum) is an argument in favor of its sternal origin. 

The trochantin (figs. 1, 2, 3, 22, 32) is much larger than that of the 
prothorax and is a triangular sclerite occupying the angle between 
the episternum and the postero-lateral margin of the precoxale. There 
is a deep infolding of the cuticle along its antero-mesal margin and the 
proximal part of this fold is thickened into a ridge which terminates 
at the acute postero-mesal angle in the articulation with the coxa. 
Both trochantin and precoxale bear short hairs and scattered setae 
over a part of their surfaces. 
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The Mesosternum (figs. 1, 3). 


The sclerites of the mesosternum are the basisternum and the sternal 
apophyses, posterior to which the sternal region is membranous. 

The basisternum (fig. 1, 3) lies in front of the coxae and is separated 
from the precoxale and the anterior margin of the segment by narrow 
membranous intervals. It is about as broad as long, truncate in front, 
slightly widening behind, with a deeply bilobed hind margin, to which 
are united the widely separated bases of the sternal apophyses (figs. 3, 
20, 33). The lateral arms of the apophyses curve dorso-laterally and 
then extend laterad to meet the pleural processes with which they 
are connected by the short fibres of the pleuro-sternal muscle. The 
dorsal margins are thickened and curved mesad around the basisternal 
lobes, meeting in the median line, where they form a double ridge 
extending far forward towards the anterior margin. 


The Middle Legs. 

The middle coxae (figs. 1, 2, 5, 15, 32, 33) arise at the posterior 
boundary of the mesothorax and their bases are contiguous mesally 
and posteriorly with large membranous areas. 

The general form of the coxa is a truncated cone with an oblique 
base, the lateral surface being longer than the mesal. It is somewhat 
compressed, appearing much wider when viewed from the front or rear 
than from either side. The mesal surface is strongly convex, projecting 
mesad of the base in the form of a large, rounded prominence. The 
lateral surface, on the other hand, is slightly concave, being bounded 
in front and behind by a sharp angle or ridge, the anterior and posterior 
coxal ridges. The anterior coxal ridge lies between the trochantinal 
and pleural articulations, while the posterior coxal ridge lies behind the 
latter articulation, marking the greatest length of the coxa. The 
anterior ridge is well defined distally but indistinct toward the base, 
while the posterior ridge is clear-cut throughout its length, being 
especially prominent basally. The basicosta is strongest in the lateral 


-coxal wall and weakest mesally. Between the pleural and trochantinal 


articulations it bends distad away from the basal margin, forming a 
basicoxite of some size. Just behind the pleural articulation the basal 
margin is elevated to form the /ateral angle of the coxa. The basicosta 
is not bent distad here, so that there is little development of the meron. 
Posteriorly there is a V-shaped notch at the base of the coxa (fig. 33), 
an arm of the basicosta from the mesal margin curving abruptly distad 
and terminating some distance below the base, while the arm that 
approaches from the lateral margin joins the mesal arm at a higher level. 

The middle trochanter (figs. 17, 32, 33) differs from that of the fore 
leg in being somewhat shorter, more symmetrical, not being twisted 
in its axis but merely curved dorsad, and in the more nearly transverse 
plane of its base. 

Viewing the base of the separated trochanter from above, the 
plane of the coxo-trochanteral articulation appears to be transverse, 
not oblique (as in the fore leg), to the axis of the appendage. The 
ventral lip is rounded and but little produced. The dorsal lip is 
narrow and straight, meeting the anterior and posterior margins at 


can angle. 





596 Annals Entomological Society of America |[Vol. XXXI, 


The coxo-trochanteral articulation (fig. 17). The two condyles are 
well-developed, angular processes of similar size and position, each 
situated slightly ventrad of the angle of the dorsal lip. The condyles 
engage sockets with thickened walls, situated anteriorly and posteriorly 
on the inner surfaces of the distal margin of the coxa and connected 
mesally by a thickened marginal ridge. 

The trochantero-femoral articulation. The trochanter is distally 
asymmetrical. It terminates ventrally in an angle which is well over 
towards the anterior surface. This angle appears to serve as the ventral 
pivot upon which the femur moves upon the trochanter. The more 
important part of the articulation is the dorsal part, which consists of 
a very small condyle arising from the base of the femur anterior to the 
middle line, and engaging a notch on the dorsal part of the distal margin 
of the trochanter. 

The middle femur (fig. 36) is barely shorter than the fore femur, a 
little less robust and with a less dense covering of hair on the flexor side. 
There are two or three larger dorsal setae and seven or eight ventral 
setae. The only other differences are in minor details of the trochantero- 
femoral articulation and in the fact that the convexity of the horizontal 
curvature is anterior instead of posterior. 

The middle tibia (fig. 36) is about equal in length to the femur and 
slightly longer than the fore tibia. In other respects, e. g., vestiture 
and articulations, it is quite similar to the latter. 

The middle tarsus (fig. 36) is about one-fourth longer than the fore 
tarsus, or longer by the last segment, while each segment is longer 
than the corresponding segment in the fore tarsus, the greatest differences 
being in the first segment, which is about a fourth longer than that of 
the fore tarsus. The distribution of stout setae is similar to that of the 
fore tarsus except that there are typically four setae in each row of the 
first segment instead of three. In all other details, including the 
tibio-tarsal articulation (fig. 19), the form of the euplantulae and the 
claws there is no apparent difference between the pro- and mesotarsi. 


THE SECOND THORACIC INTERSEGMENTAL REGION 


The mesosternal region appears to be separated from the inter- 
segmental membrane by a transverse fold (fig. 1) just behind the coxae 
and in line with the spiracles. Since the spinasternum, however, 
occupies a position anterior to this fold, the intersegmental region 
must be regarded as being expanded anteriorly so as to include the 
spinasternum. 

The second spiracle (fig. 28) lies immediately behind the posterior 
margin of the mesepimeron. The opening is similar to that of the 
first spiracle but somewhat smaller and the peritreme is produced 
mesad into a distinct angle at the apex of which the elastic ligament is 
attached. At its other extremity the ligament is inserted on the antero- 
lateral margin of the basisternum of the metathorax. 

The second spinasternum (fig. 1) is merely the base of the second 
spina together with a small, ill-defined peripheral area of sclerotized 
cuticle. The second spina (fig. 3) is a narrow and rather low median 
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ridge extending posteriorly from the transverse plane of the sternal 
apophysis to about the posterior margin of the coxal base. The posterior 
end is slightly produced into a free apical process. 


THE METATHORAX 


The Metatergum (figs. 2, 21, 23, 25). 

The metatergum is nearly as long as the mesotergum and is similar 
in form, with the antecosta at the front margin and the sides over- 
lapping the pleura in the same manner. The clothing of short hairs 
and larger setae is also similar. 


The Metapleura (figs. 1, 2, 3, 25). 

The metapleura are likewise similar to the mesopleura, the episterna 
and epimera not differing essentially in form and distribution of 
sclerotized areas. The pleural ridge has a similar dorsal expansion 
(pleural wing process) and the pleural arm has even less connection with 
the ridge than in the mesothorax, being almost entirely an internal 
process of the epimeron. The precoxale and trochantin are similar in 
form to those of the mesothorax. 


The Metasternum (figs. 1, 3). 


The metasternal region is somewhat shorter than the mesosternal. 
The basisternum is distinctly broader than long, with rounded lateral 
and bilobed posterior margins. The sternal apophyses are of the 
same form as in the mesosternum but the anterior median ridge is 
much shorter. The third spina is very short and is connected with 
the sternal apophyses by a pair of short lateral ridges. The mem- 
branous area between the bases of the sternal apophyses and the first 
abdominal segment is much shorter than that which follows the meso- 
sternal apophyses. 


The Hind Legs. 


The hind legs resemble the middle legs so closely that little 
description of them is necessary. All the segments are longer but in 
different proportions. The coxae are closely similar to the middle 
pair but are slightly longer, the hind trochanters are more distinctly 
longer than the middle pair, while the hind femora are about a fourth 
longer than the middle femora. A greater difference obtains in the 
tibiae, those of the hind legs being fully a third longer than those of 
the middle legs. The hind tarsi, however, are only about a fifth longer 
than the middle pair, although the difference in length of the first 
segment is striking. 

The coxae (figs 1, 2, 23, 34, 35) are so nearly like those of the middle 
legs that the description of the latter fits them equally well. The 
notch in the posterior wall is more conspicuous, but this and the other 
differences noted are only very trivial ones. 

The hind tarsus (fig. 38) is about as long as the tibia. The first 
segment is about as long as the third and fourth together; the second 
and third are subequal, each being slightly longer than the fourth, 
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while the fifth is nearly as long as the first. The first segment usually 
has three pairs of setae besides the two terminal ones. The fifth 
segment usually lacks the ventral pad which is found on the corre- 
sponding segment of the fore and middle legs. The pads on the other 
tarsal segments are typical. 


SUMMARY AND DISCUSSION OF CHARACTERISTICS OF THE 
CERVICAL AND THORACIC EXOSKELETON 


The cervical sclerites consist of two pairs, the first and second 
cervical sclerites. They are similar in form and relative size 
to those of the saltatorial Orthoptera, the first sclerites being 
of large size and narrowed anteriorly to a slender bar which 
articulates with the head, while the second sclerites are small, 
wide apart and bent dorsad. In this respect Grylloblatta differs 
from the blattoid series (Blattaria, Mantaria and Isoptera), in 
which the first sclerites are less narrowed anteriorly, with 
separated parts which are mesially approximated. 

The three segments of the thorax are freely movable upon 
one another and are successively shorter, the prothorax being 
considerably longer than the other two, which are nearly equal 
in length. The terga are flattened and more or less quadrate, 
those of the meso- and metathorax being deflected a short 
distance over the pleura in the form of free lateral folds 
resembling paranota. The pleural and sternal regions are more 
or less membranous, especially the sterna, which are con- 
siderably desclerotized, recalling the condition in the Blattaria 
and Isoptera. 

The protergum is strengthened by a single, internal, trans- 
verse ridge, near the anterior end, and indicated externally 
by a suture. The meso- and metaterga are simple, without 
sutures, each having an antecosta at the front margin in the 
form of a transverse ridge, no development of phragmata 
being present. 

The propleura are divided into anapleurite and coxo- 
pleurite and the trochantin is free from the remainder of the 
coxopleurite, ‘which is termed the ‘‘basal sclerite.’’ The 
general structure of the propleura recalls the Blattaria but it 
lacks the ‘‘laterosternite’’ and ‘‘lateropleurite’’ of the latter, 


and it differs also in having an entopleurite, or invaginated 
episternal region of the anapleurite, in this respect resembling 
the Saltatoria. Between the pleuron and the protergal margin 
is a thinly sclerotized area of considerable extent, which appears 
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to be homologous with the under side of the projecting pro- 
tergum in the cockroach or inner side of the same part in a 
grasshopper or cricket. 

The meso- and metapleura are thinly sclerotized except 
along the pleural sutures and the point of origin of the pleural 
arm, which is indicated externally by a depression of the 
epimeron immediately behind the pleural suture. The pleural 
ridges are very oblique, extending from the antero-dorsal 
angle to the base of the coxa, which is situated at the posterior 
limit of the segment. Each pleural ridge bears a terminal 
dorsal expansion, homologous with a pleural wing process and 
connected with the tergum by a short muscle. The pleural 
arms are remarkable in that, instead of arising from the pleural 
ridge, they are only narrowly connected with the latter, being, 
as already noted, invaginations of the epimeron. 

The meso- and metapleura also include each a large 
precoxale and a well-developed trochantin. The presence of a 
precoxale in both of these segments recalls the Blattaria and 
Isoptera. In the Gryllidae there is a small precoxale in the 
mesothorax only, but it is usually not present as a separate 
sclerite in the Saltatoria.6 The resemblance of Grylloblatta 
to the Isoptera in this feature was noted by Crampton (1915), 
who used the term Jaterosternite for the sclerite here called 
precoxale. It is not a laterosternite, however, in the sense 
denoted by Snodgrass, since it lies between the episternum and 
basisternum, anterior to the trochantin. 

The sternal sclerites in each segment are represented by a 
basisternum and sternal apophyses, and in the intersegmental 
membrane following each segment there is a spinasternum 
bearing a low ridge-like spina. The basisterna are fairly large, 
rather thin plates. The bases of the sternal apophyses (furca- 
sterna) lie close behind them, being in fact continuous with 
their posterior margins in the meso- and metathorax. The 
sternal apophyses of the prothorax are produced internally 
into long bifid anterior and short posterior arms, while those 
of the other segments bear the lateral arms only. 

The presence of spinae following all three segments is a 
remarkable primitive feature of Grylloblatta, a third spina 
being absent in all of the other orthopteroid groups, so far as 
the writer is aware. 


; 6The small family Cylindrochaetidae is exceptional in having precoxal sclerites 
in both segments (Carpentier, 1936). 
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The legs are cursorial in type, all three pairs being similar 
in general structure and size, increasing in length slightly 
from first to third pairs. The coxae are large and stout, the 
first pair more elongate than the others. There is very little 
development of a meron, Grylloblatta in this respect resembling 
the Saltatoria and Phasmaria and differing strikingly from 
the Blattaria, Mantaria and Isoptera. The fore trochanters 
differ from the other pairs in their asymmetry and the obliquity 
of the plane of their articulation with the coxae. In the 
irregular distribution of setae of the femora and tibiae and 
the long five-jointed tarsi Grylloblatta resembles the Blattaria 
rather than the Saltatoria, although five-jointed tarsi were 
doubtless originally present in all orthopteroid groups. The 
tarsal pads are peculiar in being paired, cf. Blattids, except 
that of the fifth segment, which, though single, is not a true 
arolium, as in most orthopteroid insects, since its position is 
proximal instead of distal to the unguitractor plate. This 
pad is typically absent from the hind tarsi. A similar pad is 
present in certain primitive Saltatoria, e. g. Cyphoderris (Tet- 
tizonoidea), which also lacks an arolium. 


THE MUSCLES 
45.7 Longitudinal dorsal muscle of the neck and prothorax (figs. 4, 8, 26). 


A large muscle arising mainly on the median part of the antecosta 
of the mesothorax but also longitudinally on the posterior two-thirds 
of the protergum, near the median line, the fibres converging forward 
to be inserted by a short tendon latero-dorsally on the postoccipital 
ridge of the head, a short distance ventro-laterad of the temporal 
suture. 

This muscle is the elevator capitis or musculus pronoti of Luks (1883). 
It includes Snodgrass’ Nos. 47 and 48 (first and second protergal muscles 
of the head) as well as No. 49 (longitudinal muscle of the neck and pro- 
thorax). It corresponds to two muscles in Gryllus, which Voss (1905) 
termed the first and second muscles of the pronotum.’ Jeziorski 
(1918) and Maki (1935) also recognized two muscles in the phasmids 
Dixippus (Carausius) and Megacrania, but these are inserted on the neck 
membrane instead of the head capsule. There is more or less division 
of the muscle in Grylloblatta into two or three bundles but the divisions 
are not clearly marked. 


46. Cephalic muscle of the first cervical sclerite (figs. 3, 5, 8-10, 26). 
A stout muscle arising on the broad posterior part of the first cervical 





7The numbers of muscles are continued from the first paper of this series 
(Walker, '31). 

8Musculus pronoti primus and M. pronoti secundus. English equivalents are 
used in place of Voss’ Latin terminology. 
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sclerite, its fibres converging to a stout tendon which is inserted on the 
postoccipital ridge of the head, immediately laterad of the temporal 
suture. 

There are two cephalic muscles of the first cervical sclerite in Disso- 
steira, Gryllus, Dixippus and Megacrania. These are Nos. 50 and 51 
of Snodgrass. They are termed by Voss the second and third dorso- 
ventral muscles of the microthorax and by Maki the first and second 
cephalic muscles of the cervical sclerite. 


47. Protergal muscle of the first cervical sclerite (figs. 3, 4, 8-10, 26). 


A smaller muscle than No. 46, of subparallel fibres, arising on the 
dorsal wall of the protergum a little behind the transverse ridge and 
nearly midway between the lateral margin and the middle line, passing 
ventrad and slightly laterad to its insertion on the narrow anterior 
part of the first cervical sclerite a short distance from its articulation 
with the occipital condyle. 

This is No. 52 of Snodgrass, the inner rotator of the head of Luks 
and probably the second intersegmental muscle of the microthorax of 
Voss in Gryllus. In Dixippus and Megacrania it appears to be rep- 
resented by two muscles, although these muscles are inserted much 
farther back on the first cervical sclerite and their functions in Mega- 
crania appear to have changed. These are the dorsal and anterior 
rotators of the orifice of the thoracic gland (Maki, 1. c.). 


48. Protergal muscle of the second cervical sclerite (figs. 4, 5, 8-10, 26). 


A more slender muscle than 47, arising on the posterior surface of 
the transverse ridge of the protergum between the origin of 47 and the 
median line, passing ventro-laterad to its insertion on the antero-lateral 
angle of the second cervical sclerite. 

This is probably No. 53 of Snodgrass, although the latter is inserted 
on the first sclerite, and is possibly the intersegmental muscle of the 
microthorax of Voss. In Megacrania this muscle appears to be 
homologous with the “posterior rotator of the orifice of the thoracic 
gland” (Maki, 1. c.). 


49. Coxal muscle of the first cervical sclerite (figs. 5, 9). 


A long and very slender muscle arising on the anterior part of the 
base of the fore coxa, close to the trochanteral articulation and passing 
obliquely forward to its insertion on the mesal side of the proximal 
extremity of the first cervical sclerite of the opposite side. The two 
muscles thus cross one another, each being, proximally, ventral to No. 50 
of its own side, and, distally, dorsal to No. 50 of the opposite side. 

This muscle in Gryllus is termed by Voss the second muscle of the 
microsternum (or intersegmental median paired ventral longitudinal 
muscle) and by Du Porte (1920) the cruciate rotator of the head. In 
Gryllus its attachments are the same as in Grylloblatta, but in Dissosteira 
(No. 54 of Snodgrass) it is attached behind to the sternal apophysis 
instead of the coxa. It is not present in Megacrania according to Maki 
but is well developed in the plecopteran genus Nemoura (Wu, 1923). 
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50. First ventral longitudinal muscle (figs. 3, 5, 8). 

A broad flat muscle arising by two branches, a shorter branch 
(50a) on the anterior arm of the prosternal apophysis and a longer 
branch (50b) on the base of the prosternal apophyses and lying dorsad 
and partly mesad of the shorter branch, the two branches extending 
forward and merging in the cervical region to be inserted on the posterior 
arm of the tentorium. 

No. 55 of Snodgrass: depressor of the head (Luks, 1883) the fourth 
and fifth muscles of the microsternum (Voss) ; outer and inner depressors 
of the head (Du Porte); internal ventral muscle (Maki). 

This muscle is undivided in Dissosteira, Dixippus and Megacrania, 
incompletely divided in Grylloblatta and completely so in Gryllus. 


51. Cephalic neck muscle (fig. 26). 

A small strand of muscle fibres arising in the cervical membrane 
a short distance laterad of the median line and inserted on the post- 
occipital ridge of the head, immediately laterad of the insertion of 45. 
It seems not to be represented in the other types investigated. 


52. Protergal neck muscle (fig. 26). 


A small muscle arising on the dorsal wall of the protergum posterior 
to the transverse ridge and passing forward to its insertion on the 
dorsal part of the cervical membrane immediately laterad of the 
insertion of 51. 

Apparently No. 56 of Snodgrass and the dorsal intersegmental 
muscles of the cephalonotum (Jeziorski); possibly the cervical dorsal 
muscle of Maki, which, however, in Megacrania is attached anteriorly 
not to the cervical membrane but the postoccipital ridge dorsad of the 
occipital condyle. 


53. First tergo-pleural muscle (fig. 9). 

A slender muscle arising on the dorsal wall of the protergum just 
behind the transverse ridge and laterad of 48, its parallel fibres extending 
postero-ventrad to be inserted anteriorly on the curved (pleural) ridge 
forming the upper edge of the episternal invagination of the anapleurite. 

This muscle is absent in both Dissosteira and Gryllus but appears to 
be homologous with the first anterior tergo-pleural muscle of the pro- 
thorax in Megacrania as described by Maki. There is also a tergo-pleural 
muscle in winged termites (Fuller, “prothoracic muscle No. 6”) and in 
Nemoura (Wu), which may represent one or both of the tergo-pleurals 
of Grylloblatta. 


54. Second tergo-pleural muscle (figs. 9, 10). 


A flat muscle, commonly divided into two or three groups of fibres, 
arising on the dorsal wall of the protergum behind the origin of 53 and 
converging to its insertion on the curved upper edge of the opening 
to the episternal process. This muscle is doubtless homologous with 
the second anterior tergo-pleural muscle in Megacrania (Maki, 1. c.) 
with the third and fourth tergo-pleurals in Chauliodes (Maki, 1936) and 
with No. 57 of Snodgrass, although the latter is attached anteriorly 
to the neck membrane instead of the protergal wall. No corresponding 
muscle is described for Gryllus by either Voss or Du Porte. 
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55. Pleuro-sternal muscle. 


A very short muscle, consisting largely of sclerotized fibres, con- 
necting the pleural arm with the posterior bifurcation of the anterior 
arm of the sternal apophysis. 


The prothorax is movable upon the mesothorax by the following 
three pairs of muscles (Nos. 56, 57, 58): 


56. Oblique dorsal muscle (figs. 3, 4, 8, 9). 

A flat muscle arising on the antecosta of the mesotergum laterad 
and slightly dorsad of the origin of 45, the slightly divergent fibres 
extending antero-mesad to their insertion on the protergum, near the 
middle line, the outermost fibres reaching the transverse ridge, the 
innermost fibres of opposite muscles leaving a triangular basal gap in 
which the fibres of No. 45 may be seen. 

This is the equivalent of the third pronotal muscle of Voss in Gryllus 
(also Jeziorski, 1918 and Du Porte, 1920) and is probably represented 
by Megacrania by the second and third external dorsals, possibly 
including also the second and third internal dorsals. No. 58 of 
Snodgrass is probably a reduced derivative of the same muscle but 
is attached posteriorly to the intersegmental membrane just before 
the upper end of the mesepisternum, instead of the mesotergum. 


57. Second ventral longitudinal muscle (figs. 3, 5, 8). 


A broad flat muscle, in alignment with No. 50, attached anteriorly 
to the ventral surface of the prosternal apophysis and lateral margin of 
the anterior arm and following a longitudinal course to its posterior 
attachment on the mesosternal apophysis. 

No. 60 of Snodgrass, represented in Gryllus by two muscles, according 
to Voss (fourth and fifth prosternal muscles), or a single one, according 
to DuPorte (fourth prosternal). It is greatly abbreviated in the 
phasmids Dixippus and Megacrania, extending backward only to the 
posterior part of the presternite of the mesothorax. 


58. First lateral intersegmental muscle (figs. 3, 8, 9). 


A moderately slender muscle arising on the dorsal surface of the 
posterior arm of the prosternal apophysis and extending laterally and 
somewhat dorsally to its insertion on the outer end of the antecosta of 
the mesotergum. 

This is No. 59 of Snodgrass, who states that in some insects it is 
attached to the anterior angle of the mesotergum, although in Disso- 
steira it is inserted on the dorsal end of the anterior angle of the 
mesepisternum. In Grylloblaita its connections are essentially the 
same as in Gryllus and Dixippus (prothoracic intersegmental muscle 
of Voss and Jeziorski) and the Isoptera (Fuller, 1924). The attach- 
ment to the mesotergum would thus appear to be more primitive than 
the attachment to the mesepisternum as present in Dissosteira. 





*Fuller’s descriptions and figures are based on several genera. Since these 
include the typical genus Termes, this name will be used hereafter for convenience in 
references to this paper. 
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Four other pairs of muscles appear to control, directly or indirectly, 
the movements of the prothorax upon the mesothorax. These include 
the following muscle (No. 59) and two others listed among the meso- 
thoracic muscles, viz., the spino-mesopleural intersegmental muscle 
(No. 75) and the third and fourth ventral longitudinal muscles (Nos. 
80 and 81). No. 45 also contains fibres which connect the protergum 
and mesotergum. 


59. Sterno-spinal muscle (figs. 3, 5). 

A small muscle arising on the base of the prosternal apophysis, 
mesad of 60, the two muscles converging to their insertion on the sides 
of the first spina. 

No. 61 of Snodgrass; the seventh prosternal muscle of Voss and 
Du Porte, and the profurco-postfurcal muscle of Wu (1923). Maki’s 
“ventral muscle” (No. 98) appears in his figure to be the homologue of 
the sterno-spinal muscle but his description of its connections appears 
to be erroneous. 


The fore leg is moved by the following thirteen muscles (Nos. 60-73): 


60. Tergal promotor of the fore coxa (figs. 3, 4, 8, 14). 

A large, somewhat fan-shaped muscle having a long oblique line of 
origin from the protergum, extending from near the median line in 
front of the transverse ridge to nearly half-way to the hind margin and 
about half-way towards the lateral margin. The fibres are thus divided 
into two groups, a small one in front of the ridge and a much larger one 
behind. The fibres converge postero-ventrally to be inserted by a 
short tendon on the trochantin, close to its postero-lateral angle. 

No. 62 of Snodgrass: first dorsoventral muscle of the prothorax 
(Voss). It is described as having two or three heads in Gryllus and 
Dixippus, but is simple in Dissosteira, Megacrania and Termes. It 
has also been termed the adductor of the coxa (Miall and Denny, 1886). 


61. Pleural promotor of the fore coxa (figs. 9, 10, 14). 


A small muscle arising on the upper margin and inner face of the 
episternal process, its fibres converging somewhat to their insertion on 
the trochantin, just behind 60. Usually, but not always, the two 
promotors, 60 and 61, are inserted by a common tendon. A pleural 
promotor with an independent insertion on the trochantin is clearly 
indicated by Fuller as present in Termes. Maki describes a similar 
muscle in Megacrania but states that in this genus it is “inserted into 
the same apodeme on which the tergal promotor attaches.’”’ Du Porte 
(1919) figures it in Gryllus and Rhomalea and Snodgrass in Dissosteira 
(No. 68). In the last two genera, and doubtless in Acrididae in general, 
the insertion is shifted laterally so that the muscle functions as an 
abductor of the coxa instead of a promotor. In this case it is inserted 
directly on the coxal base. 


62. Tergal remotor of the fore coxa (figs. 3, 4, 8-10). 
A large, somewhat fan-shaped muscle, having a long origin on the 
dorsal wall of the protergum, mesad of 60, from the transverse ridge to 
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somewhat more than half way to the hind margin, the fibres con- 
verging postero-ventrally to their insertion on the posterior part of the 
base of the coxa (meron). It is sometimes divided proximally into 
two heads. 

In each of the other types there are three remotor muscles (although 
DuPorte mentions only two in Gryllus assimilis). The single muscle 
in Grylloblaita probably represents Snodgrass’ Nos. 63 and 64 (first 
and second tergal remotors), which appear to be the homologues of 
Voss’ second and seventh dorsoventral muscles of the prothorax 
respectively. The same muscles are described by Maki for Megacrania 
and are represented in Termes by Fuller’s muscles D and H. The 
tergal remotor has also been termed the abductor of the coxa (Miall 
and Denny, |. c.). 


63. Abductor of the fore coxa (figs. 3, 4, 8-10). 

A flat triangular muscle, having an oblique line of origin on the 
protergum, extending from the postero-lateral angle mesad to about 
the inner edge of 57. The fibres pass antero-ventrad and somewhat 
laterad, converging to their insertion on the outer side of the base of the 
coxa, a short distance behind the pleural articulation. 

This muscle is apparently the homologue in Dixippus of the second 
lateral dorso-ventral prothoracic muscle of Jeziorski (I, 2d, vm, 2a) and 
in Gryllus of the sixth lateral prothoracic muscle of the coxa (Voss, 1. c.). 
Its identity with the third tergal remotor in Megacrania is suggested 
by Maki, doubtless correctly. The third remotor in Dissosteira (65 of 
Snodgrass) is also probably the same muscle although it is inserted in 
common with the other two remotors. 

It has been already pointed out (p. 604) that the muscle which 
functions as the abductor coxae in Dissosteira is a promotor in Gryllo- 
blatta, Megacrania and Termes. In Megacrania there are both tergal 
and pleural abductors of the coxa but these appear to be serially hom- 
ologous with similar muscles in the meso- and metathorax and have no 
prothoracic counterparts either in Grylloblatta or in Dissosteira. 


64. Anterior rotator of the fore coxa (fig. 5, 11). 


A flat muscle arising on the ventral surface of the prosternal 
apophysis close to the median line, and extending antero-laterad to its 
insertion on the anterior part of the base of the coxa, just below the 
trochantinal articulation. 

This muscle is the first pedal muscle of the prothorax of Voss and the 
anterior sternal promotor (rotator) of the coxa of Maki; it is absent 
from the fore leg in Dissosteira although the homologous muscle is 
present in the other legs. In Grylloblatta the posterior rotator is absent 
in the fore leg, while in Termes neither anterior nor posterior rotators 
are described by Fuller. 


65. Adductor of the fore coxa (fig. 8). 

A short, flat muscle arising on the proximal half of the anterior arm 
of the sternal apophysis, passing ventrad and slightly caudad to its 
insertion on the mesial side of the base of the coxa. 
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This muscle is essentially uniform in all the types except Termes, 
in which, to judge from Fuller’s figures, it does not occur. It is No. 67 
of Snodgrass, the third pedal muscle of the prothorax of Voss, and the 
sternal adductor of the coxa of Maki. 


66. Levator of the fore trochanter (figs. 6, 10, 11, 12, 16). 


A stout muscle, comprising two branches, a large anterior branch 
(66a) arising anteriorly on the base of the coxa, its fibres converging 
gradually to their insertion on a short tendon which is attached 
anteriorly to the dorsal lip of the base of the trochanter; and a small 
posterior branch (66b), arising postero-laterally on the base of the 
coxa, its fibres approaching those of the anterior branch and inserted on 
the common tendon, near its distal end. The anterior or main branch 
lies in the coxal cavity adjacent to the anterior coxal ridge. 

This is No. 70 of Dissosteira: in the other forms the two branches 
are represented by separate muscles. Thus 66a is the “first levator 
of the trochanter” in Megacrania (Maki, 1. c.) and the “first flexor of 
the femur’”’ of DuPorte in Gryllus; while 66b is the “second levator of the 
trochanter” or “‘second flexor of the femur.’’ It is only in the fore legs 
of Grylloblatta, however, that the two levators are inserted by a common 
tendon: 


67. Depressor of the fore trochanter (figs. 3, 4, 6, 8-12, 16). 

A large muscle consisting of four branches, two thoracic and -two 
coxal, all converging on a strong common tendon, which is inserted on 
the ventral lip of the base of the trochanter, although some of the fibres 
of the coxal branches are inserted directly on the lip. The thoracic 
branches are the tergal branch (67a), a very stout branch arising on 
the lateral end of the transverse ridge of the protergum, passing meso- 
caudad and bending ventrad under the anterior arm of the prosternal 
apophysis, where it is joined by the small pleural branch (67b), arising 
on the under side of the pleural arm. The united thoracic branches 
enter the coxal cavity where they are inserted on the proximal part of 
the common tendon. 

The coxal branches consist of a smaller anterior group of fibres (67c) 
and a larger posterior group (67d) arising on the prominent mesal part 
of the coxal base, the fibres of both groups inserted in part on the 
common tendon, mostly distad of the insertion of the thoracic branches, 
but also, in part, directly on the ventral lip in front and behind, respect- 
ively, the insertion of the common tendon. 

In Dissosteira this muscle (71 of Snodgrass) has five branches instead 
of four; the fifth arising on the episternum. In Gryllus DuPorte found 
eight groups of fibres together forming the “extensor of the femur,” the 
homologue of the muscle here discussed. Six of these groups arise in 
the thorax and two in the coxa, the thoracic groups being inserted by 
the same apodeme as the “second intracoxal extensor of the femur” 
(posterior coxal branch), while the first extracoxal has a separate 
tendon. In Megacrania there is one large thoracic and three coxal 
branches of the depressor of the trochanter. In Termes there appear 
to be a tergal and a pleural branch. 
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68. Reductor of the fore femur (fig. 11). 


A short broad muscle arising on the ventral wall of the trochanter, 
the fibres extending dorso-laterally and posteriorly to their insertion on 
the posterior side of the base of the femur. 

This muscle, No. 72 of Snodgrass, has been variously named (v. Maki, 
°35). It was erroneously termed the fourth extensor of the femur by 
DuPorte. 


69. Posterior levator of the fore tibia (Fig. 7, cf. No. 100, fig. 36). 

A large muscle arising dorsally on the posterior wall of the femur 
from the base nearly to the apical fourth, the fibres converging to their 
insertion along the entire length of a long strong tendon which is attached 
to the posterior slope of the dorsal angle of the base of the tibia. 

This is No. 74 of Snodgrass and is the main levator in all the types. 
I was unable to find any trace of the anterior levator, which is present 
in Dissosteira and Megacrania, although extremely tenuous. 

This muscle is also known as the extensor of the tibia. 


70. Depressor of the fore tibia (Cf. No. 101, fig. 36). 

A large trough-shaped muscle, the floor of which is formed by a 
median apodeme, the walls by two series of fibres arising dorsally on 
the walls of the femur from base nearly to the distal end; one series 
arising on the anterior wall and the other on the posterior wall. The 
fibres of each series are successively shorter, converging ventrad to their 
attachment along the sides of the median apodeme, which terminates in 
a broad tendon inserted on a small plate in the membrane of the femoro- 
tibial joint. 

No. 75 of Snodgrass: also known as the flexor of the tibia and 
“adductor della tibia’ (Berlese, 1909). In the fore leg of Grylloblatta 
this muscle differs from those of the other two pairs in lacking the 
branch arising from the base of the trochanter. 


71. Anterior levator of the fore tarsus (cf. No. 102, fig. 36). 

A long, slender muscle, arising on the anterior wall of the tibia, a 
short distance from the base, the fibres converging on a slender tendon, 
which is inserted on the dorsal lip of the base of the tarsus. 

This is No. 76 of Snodgrass, who terms it the levator of the tarsus. 
While Grylloblatta resembles Dissosteira in having only one levator of 
the tarsus, this muscle is specified as the anterior levator, because of 
the existence in other forms, e. g., Megracrania, of a small posterior 
levator (Maki, |. c.). It is also known as the extensor of the tarsus 
(Weber, 1933). 

This muscle is much longer than in either Dissosteira or Megacrania 
in both of which its origin is within the distal third of the tibia. 

72. Depressor of the fore tarsus (Cf. No. 103, fig. 36). 

A shorter but thicker muscle than 71, arising ventrally on the 
anterior and posterior walls of the tibia in its distal two-thirds, the 
rather short fibres passing obliquely to their insertion on a slender 
tendon which is attached to the ventral lip of the base of the tarsus. 
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This muscle is essentially similar to the corresponding muscle in 
Dissosteira (No. 77 of Snodgrass) and Megacrania. It is also known as 
the retractor of the tarsus (Miall and Denny, 1. c.) and flexor of the 
tarsus (Weber, 1. c.). 


73. Depressor of the fore pre-tarsus; retractor of the claws (Figs. 7, 39; 
cf. No. 104, fig. 36). 

This muscle consists of two slender groups of fibres, femoral and 
tibial, inserted on a very fine thread-like tendon, which passes from the 
femur through tibia and tarsal jointsto its insertion on the unguitractor 
plate at the base of the claws. The femoral group (73a) arises basally 
on the posterior wall of the femur and tapers to its insertion on the 
common tendon about the distal fourth of the femur; the tibial group 
(73b) arises dorsally on the base of the tibia, its nearly parallel fibres 
being inserted at about the distal fourth of the common tendon. 

This muscle is similar to the corresponding one in Dissosteira (No. 78 
of Snodgrass) except that there are two tibial branches in the latter. 
In Megacrania Maki found four tibial branches as well as the femoral. 
The latter is extremely slender and difficult to find in Grylloblatta. 

The depressor of the pretarsus has received various other designa- 
tions (v. Maki, 1. c., p. 243) among which flexor of the ungues has been 
most frequently employed. 


74. Closing muscle of the spiracle (fig. 27). 

A minute muscle arising on the peritreme near its ventro-anterior 
edge, passing obliquely dorsad to its insertion on the ventral edge of 
the spiracular lip. 

This is No. 79 of Snodgrass. 


MUSCLES OF THE MESOTHORAX 


75. Spino-mesopleural intersegmental muscle (figs. 3, 5, 8). 

A small, slender muscle arising on the sides of the first spina, dorsal 
to the insertion of No. 59 and passing laterad to its insertion on the 
anterior edge of the mesepisternum near the spiracle. 

This muscle appears to have no counterpart in Dissosteira, nor. in 
any of the other forms used for comparison except possibly Dixippus. 


76. First tergo-pleural muscle (figs. 4, 22, 24). 

A very short bundle of fibres arising on the mesotergum close to 
the pleural wing process and inserted on the latter. 

This muscle is apparently the twelfth lateral muscle of the meso- 
thorax of Voss in Gryllus. It seems to have no exact homologue in 
Dissosteira nor in Megacrania. It is apparently the muscle termed 
prescuto-episternal by Wu in Nemoura. 


77. Second tergo-pleural muscle (figs. 22, 24). 

A thin, flat muscle arising dorsally on the mesotergum midway 
between the middle line and the lateral margin, the fibres converging 
to their insertion on the dorsal side of the pleural arm, a few fibres 
sometimes inserted on the epimeron just behind the pleural arm. 
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This muscle appears to function as a depressor of the tergum. 
Although much larger it appears to be homologous with Snodgrass’ 
No. 85 and with the posterior tergo-pleural muscle in Megacrania, 
which Maki regards as possibly Voss’ ninth lateral muscle of the meso- 
thoracic (Snodgrass’ No. 85) and the scuto-epimeral muscle of Wu in 
Nemoura. It differs from all of these in being inserted on the pleural 
arm instead of the pleural ridge. 


78. Episterno-precoxal muscle (figs. 5, 20). 

A small flat muscle extending from the antero-median part of the 
episternum, near the anterior margin, to the lateral margin of the 
precoxale. 

This muscle is not present in Dissosteira but appears to be 
homologous with a part of Voss’ fifth lateral muscle of the mesothorax, 
the part designed as IIpm 5d and e. It is one of the pleural muscles 
of Weber (1924) and is designated on his figure of the ground-plan of 
the pterygotan thorax as “pm 1, 2.” 


79. Pleuro-sternal muscle (figs. 3, 20, 22, 32, 33). 
A very short muscle, attached dorsally along the whole of the 
pleural arm and ventrally to the distal part of the sternal apophysis. 
No. 86 of Snodgrass, the lateral muscle of the mesothoracic furca 
of Voss; furca-entopleural muscle of DuPorte and Maki; sterno-pleural- 
apophyseal muscle of Malouf (1933) and Zwischenmuskel of Weber 
(1933). 


80. Third ventral longitudinal muscle (fig. 3). 


A flat band of parallel fibres arising on the posterior end of the 
first spina, extending latero-posteriorly to its insertion on the dorsal 
curvature of the mesosternal apophysis, just mesad of the insertion 
of No. 57. 

This is No. 87 of Snodgrass and the third prosternal muscle of 
Voss. It is present also in Nemoura but is absent in the other forms. 


81. Fourth ventral longitudinal muscle (figs. 3, 5). 


A long and very slender muscle extending from the posterior end 

of the prosternal apophysis, between the origins of 58 and 59, the two 
muscles converging posteriorly to their insertion on the tip of the second 
spina. 
. This muscle is present in Gryllus (sixth prosternal muscle of Voss 
and DuPorte) and in Nemoura (Wu, 1923). It has no exact equivalent 
in Dissosteira but is perhaps homologous with Snodgrass’ 88, which 
extends from first to second spina and is named as above. A similar 
muscle is present in Termes (Fuller, muscle n) but is absent in the 
Phasmidae (Jeziorski and Maki). 


The mesothorax is movable upon the metathorax by the following 
four pairs of muscles (82 to 85): 
82. Longitudinal dorsal muscle of the mesothorax (figs. 3, 4, 20). 


A broad, flat muscle, extending from the antecosta of the meso- 
tergum to that of the metatergum, the two muscles meeting at their 
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anterior line of attachment, which is comparatively short, but diverging 
caudad somewhat to a much broader posterior attachment, which 
includes the greater part of the metatergal width. 

This muscle is very thin in comparison with that of winged forms 
like Dissosteira (No. 81 of Snodgrass) and Gryllus. From its attach- 
ments it would appear to be the first muscle of the mesonotum of Voss 
but lies beneath the following: 


83. Oblique dorsal muscle of the mesothorax (figs. 4, 20, 22). 

' A flat muscle, lying dorsad of 82, arising on the antecosta of the 
metathorax, laterad of the line of attachment of 82, the fibres extending 
antero-mesally to their insertion on the dorsal wall of the mesotergum 
near the median line and chiefly in the anterior half. 

In its attachment and position laterad of 82 this muscle would 
appear to be Snodgrass’ No. 82 but in Megacrania the muscle identified 
with 82 by Maki lies ventrad of the longitudinal dorsal muscle. 

I have provisionally identified this muscle with the second muscle 
of the pronotum of Voss. 


84. Fifth ventral longitudinal muscle (figs. 3, 5). 

A broad, flat muscle, in alignment with 57, arising on the posterior 
surface of the mesosternal apophysis, and following a longitudinal 
course to its insertion on the anterior edge of the metasternal apophysis. 

This muscle, No. 116 of Snodgrass, who includes it among the 
metathoracic muscles, is sclerotized in Dissosteira but is functional in 
the other forms. It is Voss’ first ventral longitudinal muscle of the 
metathorax. 


85. Second lateral intersegmental muscle (figs. 3, 20, 22). 

A slender muscle, arising on the dorsal surface of the mesosternal 
apophysis, dorsally to 57, and extending laterad and slightly dorsad 
to its insertion on the outer end of the antecosta of the metatergum; 
serially homologous with 58. 

It is not represented in Dissosteira but is present in Gryllus. It is 
the intersegmental muscle of the mesothorax of Voss, the tergosternal- 
furcal muscle of Malouf (1932) and the intersegmental tergo-furcal 
muscle of Maki. 

Four other pairs of muscles, more or less directly involved in the 
movements of the mesothorax upon the metathorax, are listed among 
the muscles of the latter. These are the spino-metapleural inter- 
segmental muscles (No. 106), the longitudinal dorsal of the metathorax 
{No. 108) and the sixth ventral longitudinal muscles (No. 114). 


The middle leg is moved by the following muscles (Nos. 86 to 103): 


86. Tergal promotor of the middle coxa (figs. 3, 4, 20, 22). 

A large muscle, broadest at its origin on the dorsal wall of the 
mesotergum, just behind the antecosta and near the antero-lateral 
angle, and tapering postero-ventrally to its insertion by a small tendon 
on the ridge of the trochantin anterior to its articulation with the coxa. 
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As in Dissosteira (No. 89 of Snodgrass) and Megacrania this muscle 
is unbranched. In Gryllus (first and sixth dorso-ventral muscles of the 
mesothorax of Voss) it is usually a digastric muscle, according to 
Du Porte. In this form it is inserted directly on the coxal margin 
instead of the trochantin. There are, however, also pleural promotors 
in the mesothorax of Gryllus, which are inserted on the trochantin. 


87. Tergal remotor of the middle coxa (figs. 3, 4, 20, 22, 24, 31). 

A large muscle having an extensive origin on the dorsal wall of the 
mesotergum, mesad of the origin of 86 and laterad of 82 and 83, from 
the antecosta to about half way to the hind margin, the fibres con- 
verging postero-ventrally to their insertion by a small tendon on the 
posterior part of the base of the coxa (meron) close to the postero-lateral 
angle. 

In Dissosteira there are two tergal remotors (Nos. 90 and 91 of 
Snodgrass), as also in Megacrania and Gryllus, although in the last 
genus the two muscles are inserted by a common tendon (DuPorte). 
Voss, however, describes and figures only a single tergal remotor (second 
dorsal-ventral muscle of the mesothorax) in the mesothorax of G. 
domesticus. 


88. Spinal promotor of the middle coxa (figs. 5, 31, 32). 

A flat band of parallel fibres, arising anteriorly on the first spina, 
ventrad of the attachments of 59 and 75, the two muscles diverging 
posteriorly and passing beneath 57 and 81 to their insertion on the 
middle coxa just beneath the insertion of 91. 

This muscle is present in Gryllus (second prosternal muscle) and 
Nemoura, and its homologue of the metathorax occurs in Termes. 
It is probably also represented in the Blattaria, to judge from figure 34 
of Miall and Denny. In Dissosteira and the two phasmids it is absent. 


S9. Anterior rotator of the middle coxa (figs. 3, 5, 31, 32). 

A small muscle arising on the marginal ridge of the basisternal 
lobes near the median line, extending laterad and slightly caudad to 
its insertion on the base of the coxa laterad of its articulation with the 
trochantin. 

This muscle is present in all the forms here considered except the 
Isoptera in which no rotators are described by Fuller. It is also known 
as the anterior sternal promotor and the first pedal muscle of the meso- 
thorax (Voss). It is No. 92 of Snodgrass. It is frequently subdivided 
(Gryllus, Dixippus, Megacrania, etc.). 


90. Posterior rotator of the middle coxa (figs. 3, 5, 20, 31, 33). 

A larger muscle than 89, arising on the anterior part of the second 
spina, extending laterad and slightly caudad to its insertion on the 
posterior wall of the middle coxa. 

This is No. 93 of Snodgrass and the seventh pedal muscle of the 
mesothorax of Voss. It is also termed from its primitive function the 
posterior sternal remotor of the coxa (Snodgrass, Maki, 1. c.).- In 
Dissosteira, as in Grylloblatta, there is a single rotator, while in Gryllus 
and Megacrania there are two, one (Gryllus) or both arising on the 
mesosternum. 





612 Annals Entomological Society of America |Vol. XXXI, 


91. Pleural abductor of the middle coxa (figs. 3, 20, 22, 24, 31, 32). 

A large muscle having an extensive origin (a) on the upper part of 
the episternum between the anterior margin and the pleural ridge and 
(b) on the pleural wing process, mainly on the epimeral side. The 
fibres converge somewhat to a broad insertion on the base of the coxa 
(basicoxite), anterior to the pleural articulation, those arising on the 
epimeral side crossing the pleural ridge very obliquely, mesad of the 
remaining fibres. 

This muscle appears to be a combination of Snodgrass’ Nos. 94 and 
95 (and perhaps 96). Representatives of all three of these are found 
in Megacrania and of at least two in Gryllus. 


92. Sternal abductor of the middle coxa (figs. 24, 32). 

A minute muscle arising on the tip of the mesosternal apophysis 
and inserted on the inner surface of the basal angle of the coxa, just 
anterior to the pleural articulation. 

As an abductor this little muscle would appear to be vestigial. 
Possibly it has some other function. It has not been observed in the 
other types. 


93. Adductor of the middle coxa (figs. 3, 20, 33). 

A short flat muscle arising on the ventral edge of the distal part of 
the sternal apophysis, extending meso-caudoventrad to its insertion on 
the mesial side of the base of the coxa. 

This muscle corresponds to Nos. 100 and 101 of Snodgrass. There 
are also two adductors of the coxa in Gryllus, arising from the meso- 
sternal apophysis (third and sixth pedal muscle of the mesothorax of 
Voss). In Megacrania the single adductor is of pleural origin (Maki), 
while in the Isoptera the two adductors, though sternal in origin, are 
inserted in the ridge (outer wall of coxa), deep within the coxal cavity 
(Fuller, ’24). 


94. Anterior levator of the middle trochanter (figs. 15, 17, 32). 

A stout muscle arising on the basicosta by two branches, a shorter 
but stouter branch (94a) and a larger lateral branch (94b), these branches 
converging to their insertion on a short stout tendon which is attached 
to the anterior part of the dorsal lip of the base of the trochanter, just 
above the anterior condyle. 

This represents a part of the single levator of the trochanter in 
Dissosteira (No. 102 of Snodgrass). In Megacrania, on the other hand, 
there are two muscles, corresponding to 94a and 94b respectively. In 
Gryllus, according to DuPorte, there is a single anterior levator (first 
flexor of the femur). 


95. Posterior levator of the middle trochanter (figs. 15, 17, 33). 

A stout muscle, arising on the coxal base by two branches, a long 
lateral branch (95a), contiguous with 94b and occupying the postero- 
lateral angle of the coxa; and a shorter posterior branch (95b), the 
two branches converging to their insertion on a long apodeme termi- 
nating in a short tendon which is attached to the posterior part of the 
dorsal lip of the base of the trochanter, just above the posterior articular 
condyle. 
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This also represents a part of No. 102 of Snodgrass and corresponds 
to the second flexor of the femur of Du Porte which, however, is stated 
to be inserted with the first flexor by a common tendon. In Megacrania 
there are two posterior levators represented in Grylloblatta by the two 
branches, 95a and b. 


96. Anterior coxal depressor of the middle trochanter (figs. 17, 22, 32). 

A stout, conical muscle, arising antero-mesally on the base of the 
coxa, the fibres converging on a thin apodeme terminating in a short, 
stout tendon, which is inserted on the anterior part of the ventral lip 
of the base of the trochanter. 

This represents one of the five branches of the depressor of the 
trochanter in Dissosteira (No. 103 of Snodgrass) and is equivalent of 
the “first intracoxal extensor of the femur” of Du Porte in Gryllus. 
In Megacrania there are three coxal depressors inserted by a common 
apodeme, the first depressor apparently corresponding to 96 in 
Grylloblatta. 


97. Posterior coxal depressor of the middle trochanter (figs. 17, 22). 

A stout, conical muscle, arising postero-mesally on the base of the 
coxa, the converging fibres attached to a short stout tendon, which is 
inserted on the posterior part of the ventral lip of the base of the 
trochanter. 

This muscle (No. 103 of Snodgrass in part) is the third intracoxal 
extensor of the femur of Du Porte in Gryllus, and the second coxal 
depressor of Maki in Megacrania. 


98. Median depressor of the middle trochanter (figs. 17, 22). 


Origin by two branches, a thoracic and a coxal, inserted on a common 
tendon, which is proximally thin but distally stout, and is attached 
to the ventral lip of the base of the trochanter, between the insertions 
of 96 and 97. The thoracic branch arises by two heads, a larger tergal 
head (98a) on the mesotergum, just antero-mesad of 77, and a pleural 
head (98b) on the pleural wing process between 87 and 92, the fibres 
of the two heads converging ventrad to form a single bundle, which 
is inserted on the common tendon. The coxal branch (98c) arises 
mesally on the base of the coxa and is inserted on the distal part of 
the common tendon. 

In Dissosteira the thoracic branch of this muscle has two tergal 
heads and one sternal but none from the pleuron; and there is no median 
coxal branch. In Gryllus the three coxal branches are present as in 
Grylloblatta, the median branch being the second intracoxal extensor 
of Du Porte. Gryllus also agrees with Grylloblatta in the origin of the 
thoracic branch, which has two heads, a tergal and a pleural (fifth 
dorsoventral and third lateral muscles of the mesothorax of Voss). 
Megacrania and the Isoptera are similar in having a tergal and pleural 
branch. Megacrania resembles Grylloblatta further in having a middle 
coxal branch (second coxal depressor of Maki). 


99. Reductor of the middle femur (figs. 33, 36). 
A short broad muscle, arising on the ventral wall of the trochanter, 
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the fibres passing obliquely dorso-distad to their insertion on the 
posterior part of the base of the femur. 

No. 104 of Snodgrass, fourth extensor of the femur of Du Porte; 
remotor of the femur (Weber). It is essentially similar in all the forms 
but is greatly reduced in Megacrania. 


100. Posterior levator of the middle tibia (fig. 36). 


A large muscle arising on the posterior half of the dorsal wall of 
the femur from base to about two-thirds of its length, the fibres con- 
verging to their insertion along the entire length of a long, strong tendon, 
which is attached to the posterior slope of the dorsal angle of the base 
of the tibia. 

This is No. 106 of Snodgrass. In both Dissosteira and Megacrania 
there is, in each leg, a vestigial anterior adductor but I was unable to 
find a trace of this muscle in Grylloblatta. The levator muscles are also 
known as extensors. 


101. Depressor of the middle tibia (figs. 18, 36). 


A large muscle comprising two branches of very unequal size, the 
main branch arising in the femur and an accessory branch in the 
trochanter. The main branch (101la) is large and trough-shaped, the 
floor being formed by the median apodeme, the walls by two series of 
fibres arising dorsally on the walls of the femur from base nearly to the 
distal end, one series arising on the anterior wall, the other on the 
posterior wall. The fibres are successively shorter, converging ventrad 
to their attachment along the sides of the median apodeme, which 
terminates in a broad tendon inserted on a small plate in the membrane 
of the femoro-tibial joint, close to the central lip of the base of the 
tibia. The accessory branch (101b) consists of a few longitudinal 
fibres which arise in the anterior part of the ventral wall of the 
trochanter, near the base, and, mingling with the basal fibres of the 
main branch are inserted on the common apodeme. 

This is No. 107 of Dissosteira. It is also called the flexor of the tibia. 

The following three muscles are identical with the homologous 
muscles of the fore leg and require no separate description. 


102. Anterior levator of the middle tarsus (fig. 36). 

In Dissosteira (No. 108 of Snodgrass) and in Gryllus (Du Porte) 
there is a single levator as in Grylloblatta; in Megacrania, on the other 
hand, there are two, anterior and posterior. 

This muscle has also been called the extensor of the tarsi by Weber 
and others and the flexor of the tarsi by Du Porte (cf. No. 74). 


103. Depressor of the middle tarsus (fig. 36). 


This muscle appears to be essentially similar in all four types. 
It is No. 109 of Snodgrass and has been termed flexor and adductor of 
the tarsus by various authors and extensor of the tarsus by Du Porte 
(cf. No. 72). 


104. Depressor of the middle pre-tarsus; retractor of the claws (fig. 36). 
This muscle is simpler than in Dissosteira (No. 110 of Snodgrass) in 
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which there are two tibial groups of fibres, or in Megacrania in which 
there are four tibial groups. It has also been called flexor of the tarsus, 
flexor of the pre-tarsus and flexor of the ungues (cf. No. 73). 


105. Closing muscle of the second spiracle (figs. 20, 28). 

A minute muscle arising on the peritreme close to its antero-ventral 
margin, passing obliquely dorsad to its insertion on the ventral edge of 
the spiracle where the anterior and posterior lips meet. 

This is No. 111 of Snodgrass. 


MUSCLES OF THE METATHORAX 


106. Spino- meta pleural intersegmental muscle (figs. 3, 22). 

A slender muscle arising on the tip of the second spina and extending 
laterad to its insertion on the anterior margin of the metepisternum 
near the spiracle. 

This muscle and its homologue of the mesothorax seem to be peculiar 
to Grylloblatta among the forms here compared. 


107. First tergo-pleural muscle (figs. 23, 25). 

A very short bundle of fibres arising on the metatergum close to 
the pleural wing process and inserted on the latter. 

Serially homologous with No. 76 and apparently represented in 
Gryllus by the twelfth lateral muscle of the metathorax of Voss and in 
Nemoura by the praescuto-episternal muscle of Wu. 


108. Second tergo-pleural muscle (figs. 23, 25). 


A flat muscle arising on the metatergum midway between the 
median line and lateral margin, the fibres converging ventro-laterally 
to their insertion on the dorsal surface of the pleural arm, a few fibres 
sometimes inserted on the epimeron just behind the pleural arm. 

This muscle is somewhat larger than No. 77, its homologue of the 
mesothorax. It is apparently No. 111 of Snodgrass. 


109. Episterno-precoxal muscle (figs. 21, 23, 25). 


A small, flat muscle arising on the antero-median part of the met- 
episternum and extending ventrad to its insertion on the lateral margin 
of the precoxale. 

This muscle is quite similar to No. 78, its homologue of the meso- 
thorax. It apparently has no representative in Dissosteira, nor in 
Gryllus, in which a separate precoxale is not present in the metathorax. 


110. Pleuro-sternal muscle (figs. 34, 35). 


A very short muscle attached dorsally to the pleural arm and 
ventrally to the outer part of the sternal apophysis. 
This is No. 115 of Snodgrass; its mesothoracic homologue is No. 80. 


111. Sixth ventral longitudinal muscle (fig. 3). 


A small band of fibres arising on the tip of the second spina, passing 
latero-posteriorly above No. 112 and dividing into two branches a 
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shorter one (a) inserted on the dorsal bend of the metasternal apophysis, 
just mesad of the attachment of 84, and a longer branch (b), laterad 
of (a) inserted on the antero-lateral angle of the sternum of the second 
abdominal segment.” 

This is No. 117 of Snodgrass in Dissosteira, in which it is extremely 
attenuated. It is present also in Gryllus (third mesosternal muscle of 
Voss), Termes and Nemoura, but is absent in the phasmids. In all 
forms except Grylloblaita it lacks the branch inserted on the second 
abdominal segment. 

The abdomen is movable on the metathorax by the following four 
pairs of muscles: (Nos. 112 to 115). 

112. Longitudinal dorsal muscle of the metathorax (figs. 3, 21). 

A broad, flat muscle, attached anteriorly to the antecosta of the 
metatergum in the mesal half and posteriorly to the antecosta of the 
first abdominal segment along the greater part of its extent, the two 
muscles diverging slightly and separated throughout their length by a 
considerable space. 

No. 112 of Snodgrass, first muscle of the metanotum of Voss in 
Gryllus. It is absent in the phasmid Dixippus and reduced in Mega- 
crania, in which it is attached anteriorly far behind the antecosta. 


113. Oblique dorsal muscle of the metathorax (figs. 21, 23). 


A flat muscle lying dorsad of 112, arising on the antecosta of the 
first abdominal segment, laterad of the line of attachment of 112, its 
slightly divergent fibres extending antero-mesally to their insertion on 
the mesotergum near the middle line and chiefly on the anterior half. 


114. Seventh ventral longitudinal muscle (fig. 3). 


A broad, flat muscle in alignment with No. 84, attached anteriorly 
to the proximal part of the metasternal apophysis and following a 
longitudinal course to its insertion on the anterior margin of the sternum 
of the second abdominal segment. 

The homologous muscle in Gryllus (first muscle of the metasternum 
of Voss) is inserted on the anterior margin of the sternum of the second, 
third, fourth, and fifth segments: that of Dissosteira (No. 116 of 
Snodgrass) is non-contractile and sclerotized. Megacrania apparently 
has no longitudinal muscle connecting the sterna of the metathorax 
and abdominal segments, but such a muscle, though a short one, is 
present in Dixippus. 


115. Third lateral intersegmental muscle (figs. 3, 23, 25). 


A very slender muscle arising on the metasternal apophysis, dorsad 
of the origin of 114 and extending laterad to its insertion on the antecosta 
of the first abdominal segment near its outer extremity. 

This muscle is serially homologous with Nos. 58 and 85. It is not 
represented in Dissosteira but is found in Gryllus; (metathoracic inter- 
segmental muscle of Voss), Dixippus, and Megacrania (intersegmental 
tergo-furco muscle of Maki). 


The hind leg is movable by the following muscles (Nos. 116 to 133): 


10Some doubt remains as to the exact insertion of this muscle. 
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116. Tergal promotor of the hind coxa (figs. 3, 21, 23, 34). 

A large muscle, broadest at its origin on the metatergum just behind 
the antecosta and near the antero-lateral angle, tapering postero- 
ventrally to its insertion by a small tendon on the ridge of the trochantin, 
a short distance from its articulation with the coxa. 

This muscle is unbranched as in Dissosteira (No. 118 of Snodgrass), 
Megacrania and Termes. In Gryllus there are two tergal promotors 
(first and sixth dorso-ventral muscles of the metathorax of Voss), 
both of which are inserted directly on the coxal margin, instead of the 
trochantin. There are, however, three pleural promotors which are 
inserted on the trochantin. In Dixippus there are two promotors, both 
of which are pleural but the main muscle is probably homologous with 
the tergal promotor of other forms. 


117. Tergal remotor of the hind coxa (figs. 3, 21, 23, 25, 35). 

A large muscle arising on the antecosta and dorsal wall of the meta- 
tergum behind it, between the attachments of 112 and 116, the fibres 
converging postero-ventrally to their insertion on the posterior part 
of the base of the coxa (meron), near the posterolateral angle. 

As in the mesothorax, Grylloblatta differs from the other types in 
having a single very large remotor of the hind coxa instead of three 
smaller ones. In Dixippus there is a pleural in addition to three tergal 
remotors. 


118. Spinal promotor of the hind coxa (figs. 3, 5, 34). 

A flat band of parallel fibres arising on the sides of the second spina 
and extending latero-posteriorly beneath 84 to its insertion on the 
basicosta of the hind coxa, beneath the insertion of 121. 

This is the second muscle of the mesosternum of Voss, which in 
Gryllus has the same attachments as in Grylloblatta. It is present also 
in Nemoura and Termes (muscle O of Fuller), but in the latter is inserted 
more deeply in the coxa. It is absent in Dissosteira, Dixippus and 
Megacrania. 


119. Anterior rotator of the hind coxa (figs. 3, 34). 


A small muscle arising on the marginal ridge of the basisternal 
lobe near the median line, extending laterad in front of the sternal 
apophysis to its insertion on the trochantin close to its articulation 
with the coxa. 

This muscle (No. 121 of Snodgrass) is entirely similar to its meso- 
thoracic homologue, No. 89. 


120. Posterior rotator of the hind coxa (figs. 3, 35). 


A larger muscle than 119 arising on the sides of the third spina and 
extending laterad and slightly caudad to its insertion on the posterior 
wall of the coxa a little below the base and slightly mesad of the insertion 
of 118. 

Except in the Isoptera, in which (to judge from Fuller’s figures) 
rotator muscles are not present, this muscle is more or less subdivided 
in the other types, there being two muscles in Gryllus (second and 
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fifth pedal muscles of the metathorax of Voss), Dixippus (two-branched) 
and Megacrania, and three in Dissosteira. (Nos. 122, 123 and 124 of 
Snodgrass.) Its mesothoracic homologue is 89. 


121. Pleural abductor of the hind coxa (figs. 3, 21, 23, 25). 


A large muscle comprising two contiguous groups of fibres, an 
anterior and a posterior, the anterior group (121a) arising on the upper 
extremity of the episternum and extending postero-ventrally to a wide 
insertion on the base of the coxa, anterior to the pleural articulation, 
the posterior group (121b) arising on the pleural wing process, chiefly 
from the epimeral side, contiguous in front with the anterior group, 
crossing the ridge obliquely to its insertion on the base of the coxa, 
immediately anterior to the pleural articulation. 

This muscle, or at least the anterior group of fibres, is apparently 
homologous with Snodgrass’ No. 126 in Dissosteira in which there are 
two abductors. In Gryllus Voss likewise described two abductors, 
viz., the fourth and fifth lateral muscles of the metathorax. In Mega- 
crania the muscle is still further subdivided, there being three abductors 
present. In Termes, according to Fuller’s figures, it is single and 
unbranched. 


122. Sternal abductor of the hind coxa (figs. 23, 34). 


A very small muscle arising on the tip of the metasternal apophysis 
and inserted on the inner surface of the angle of the coxa just posterior 
to the coxal articulation; serially homologous with 93. It has not been 
noted in the other types. 


123. Adductor of the hind coxa (figs. 3, 21, 35). 

A short flat muscle of parallel fibres arising on the ventral edge 
of the distal part of the metasternal apophysis extending meso-caudo- 
ventrad to its insertion on the mesal side of the base of the coxa. 

This is No. 130 of Snodgrass, the third pedal muscle of the meta- 
thorax of Voss. In Megacrania the metathoracic adductor, like the 
mesothoracic, is pleural instead of sternal in origin, while in the Isoptera 
adduction is brought about by two muscles which pass from the sternal 
apophysis to the coxal ridge in the outer wall. 

The remaining muscles of the hind leg are practically identical 
with the homologous muscles of the middle leg and require no separate 
description. These muscles are as follows: 


124. Anterior levator of the hind trochanter (fig. 34). 
This is No. 131 of Snodgrass and apparently the first flexor of the 
femur of Du Porte in Gryllus. In Megacrania the two branches are 


represented by separate muscles inserted by a common tendon 
(cf. No. 95). 


125. Posterior levator of the hind trochanter (figs. 34, 35). 

No. 132 of Snodgrass and probably the second flexor of the femur 
of Du Porte. It appears to represent the third, fourth, and fifth 
levators of Maki in Megacrania. The postero-lateral and posterior 
groups are designated 125a and 125b respectively (cf. No. 96). 
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126. Anterior coxal depressor of the hind trochanter (figs. 23, 34). 

No. 133a in Dissosteira. For synonyms see No. 96, its mesothoracic 
homologue. 
127. Posterior coxal depressor of the hind trochanter (figs. 23, 35). 

No. 11b in Dissosteira. For synonyms see No. 98, its mesothoracic 
homologue. 
128. Median depressor of the hind trochanter (figs. 3, 21, 23). 

Nos. 128a and b, the tergal and pleural heads respectively of the 
thoracic branch of this muscle are represented in Dissosteira by Snod- 
grass’ 133c; 128c, the coxal branch, has apparently no exact equivalent 


in Dissosteira. For synonyms and comparisons with other types see 
No. 98, the mesothoracic homologue of 128. 


129. Reductor of the hind femur (fig. 35). 

Not represented in the hind leg of Dissosteira nor in Gryllus, but 
present in Megacrania and probably other non-saltatorial forms (cf. 
No. 99). 

130.: Posterior levator of the hind tibia. 

No. 135 of Snodgrass (cf. No. 100). 


131. Depressor of the hind tibia. 


No. 136 of Snodgrass; divided into a main (a) and an accessory 
branch (b) as in its mesothoracic homologue, No. 101. 


132. Anterior levator of the hind tarsus. 
No. 137 of Snodgrass (cf. No. 71). 


133. Depressor of the hind tarsus. 
No. 138 of Snodgrass (cf. No. 72). 


134. Depressor of the hind pretarsus, retractor of the claws. 
No. 139 of Snodgrass (cf. No. 73). 


SUMMARY AND DISCUSSION OF THE MUSCULATURE 


The muscles of the cervical and thoracic regions of 
Grylloblatta are somewhat simpler than those of the Saltatoria, 
as represented by Gryllus and Dissostetra. The smaller extent 
to which many of the muscles are subdivided into branches or 
separate bundles is perhaps dependent upon the smaller size 
of Grylloblatta, while the absence of the segmental tergo-sternal 
muscles is correlated with the disappearance of the wings. The 
loss of these muscles is shared by the wingless phasmids Dixippus 
and Megacrania, which have become further modified in the 
great reduction or absence of some of the longitudinal dorsal 
and ventral muscles. The extreme elongation of the meso- 
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and metathorax in these phasmids, together with the loss of 
the power of flight, is associated with considerable modifications 
of the sternal region of these segments and corresponding 
changes in its musculature. (For a full comparison of Dixippus 
with Gryllus, see Jeziorski, 1918.) The phasmids are also 
peculiar in the presence of long rows of short muscle fibres 
connecting the edges of the elongated pleura with the adjacent 
margins of the terga and sterna. According to Jeziorski these 
are respiratory muscles. They appear to have nothing in 
common with the tergo-pleural muscles of Grylloblatta nor to 
have homologues in any of the other forms. 

Cervical sclerites——The muscles of the cervical sclerites 
differ in some degree from those of other genera. Dissostetra 
has a cephalic muscle of the second cervical sclerite which is 
absent in Grylloblatta, while the latter has a tergal muscle of 
the same sclerite which is absent in Dissosteira, or more probably 
represented by one of the two muscles that are inserted on the 
first cervical sclerite. Gryllus, according to Berlese (1909, 
fig. 457), possesses both of these muscles as well as the two 
cephalic muscles and one tergal muscle to the first cervical 
sclerite. Gryllus and Nemoura also resemble Grylloblatta in 
the attachments of the coxal muscle of the first cervical sclerite, 
differing from Dissosteira, in which the muscle is attached to 
the prosternal apophysis instead of the coxa. Gryllus thus 
combines characters of Grylloblatta and Dissosteira, although 
possessing certain features of its own (according to Voss, 1. c.) 
viz., two muscles of the first cervical sclerite arising on the 
cervical membrane. In Megacrania the muscles of the cervical 
sclerites are modified as ‘‘rotators of the orifice of the thoracic 
gland.’’ Both cephalic muscles are inserted on the second 
cervical sclerite, the tergal muscles are inserted on both sclerites 
two on the first and one on the second, while the coxal muscle 
is absent in this genus. 

Thorax.—Intersegmental muscles. With the free mobility 
of the thoracic segments is associated the well-developed inter- 
segmental muscles, of which the most important are the dorsal 
and ventral longitudinal muscles and the lateral intersegmentals. 
The longitudinal muscles form two practically continuous pairs 
of bands, extending from head to abdomen and broken only at 
their points of attachment. The dorsal longitudinal muscles 
are divided into outer and inner layers, the outer muscles being 
here termed the oblique muscles. The three dorsal cephalic 
muscles of Dissosteira, Nos. 47, 48 and 49, arising on the 
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protergum and mesotergum, and represented in Gryllus, 
Dixippus and Megacrania by the last two, are combined in 
Grylloblatta to form a single, only partly divided muscle. 

The main ventral longitudinal muscles, Nos. 50, 57, 84 and 
114, are like those of Nemoura in their breadth and parallel 
course, and less like those of the other forms, which vary more 
in breadth and direction from segment to segment. The 
minor muscles of this series are much like those of Gryllus and 
Nemoura which are the only forms that share with Grylloblatta 
the slender muscles (No. 81) extending from the prosternal 
apophyses to the second spina, their nearest representatives 
in other forms being the median pair (Dissostetra, Termes) or 
single muscle (Blatta) connecting the first and second spinae. 
None of these minor muscles are present in the phasmids, in 
which even the main ventral logitudinal muscles are short and 
widely interrupted. 

Lateral intersegmental muscles follow all three thoracic 
segments in Grylloblatta, as in Gryllus, Dixippus, Nemoura and 
Termes. In Megacrania the first is lacking, while in Dissosteira 
only the first is present and is inserted on the episternum 
instead of the tergum. Gryllodlatta is possibly unique in having 
also two pairs of spino-pleural intersegmental muscles, another 
primitive feature. 

Lateral body muscles..-With the absence of wings is associ- 
ated the complete lack of segmental tergo-sternal muscles. 
The tergo-pleural muscles, on the other hand, are better 
developed than in any of the other forms" and are found in 
all three thoracic segments. The large second tergo-pleurals 
of the meso- and metathorax are probably the homologues 
of the pleuro-alar flexors of winged insects, although inserted 
mainly on the pleural arm instead of the pleural ridge. Their 
relatively large size is approached only in the stonefly Nemoura. 
Another special feature of Grylloblatta is the presence of 
episterno-precoxal muscles in the meso- and metathorax. 
These are perhaps vestiges of the pleuro-sternal (episterno- 
sternal) muscles found in some winged insects (e. g., Nemoura), 
the precoxal sclerites being usually inseparable from the sterna. 

The three pairs of pleuro-sternal muscles, connecting the 
pleural arm with the sternal apophysis in each segment, are 
extremely short, as in Gryllus and Dissosteira, contrasting 





The respiratory muscles of the phasmids, although in part tergopleural, 
appear not to be homologous with the muscles referred to here. 
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strongly with the homologous muscles in the phasmids and 
termites. 

Leg muscles —The muscles that move the legs in Grylloblatta 
are in some respects simpler than those of the other types, but 
are well developed, as would be expected in an insect of cursorial 
habits. Each segment has a single tergal promotor and a 
single remotor of the coxa. The fore leg is also furnished 
with a pleural promotor, which has a homologue in all the 
other types, although in Dissosteira it functions as an abductor. 
The main (pleural) abductors of the other coxae are typical 
and similar to those of Dissosteira. The minute muscles which 
we have termed sternal abductors appear to be unique among 
the forms compared and many have another function. The 
adductor of the coxa is similar in all three segments and is 
homologous with the adductors in the other genera, except 
Termes, in which adduction is apparently brought about by 
muscles of a different nature. 

The spinal promotors of the fore and middle coxae have 
their homologues in Gryllus, Nemoura, Blatta (?) and in the 
metathorax only of Termes. They are absent in Dissosteira, 
Dixippus and Megacrania. 

Anterior rotators of the coxa are present in all three thoracic 
segments, posterior rotators in all but the prothorax, a single 
pair of muscles in each case. In Dissosteira, on the other hand, 
it is the anterior rotator that is lacking in the prothorax, while 
the other segments have both kinds, with two posterior rotators 
for the fore coxa and three for the hind coxa. In Gryllus, 
Dixippus and Megacrania there are both anterior and posterior 
rotators for each coxa, with the posterior rotator of the hind 
coxa and, in Gryllus and Dixippus, also that of the middle 
coxa, divided into two muscles. 

The trochanteral muscles are well developed. Those of the 
fore leg differ somewhat from the muscles of the other two 
pairs, there being but one levator and one depressor of the fore 
trochanter, whereas, in the other legs, there are two levators 
and three depressors. The levator of the fore trochanter, 
however, has two large branches, which are the equivalent 
of the anterior and posterior levators of the other legs. In 
Dissosteira there are two levators in the hind leg only, while in 
Megacrania the levators are all subdivided to an unusual 
extent, there being in each leg six separate bundles, although 
only three tendons of insertion. In Gryllus there are in each 
leg, according to DuPorte, two levators with a common tendon. 
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The depressor of the fore trochanter of Grylloblatta is really 
the equivalent of the three depressors of each of the other pairs, 
but is considered as one muscle because of the common tendon 
of insertion. It differs also in the origin of the pleural branch 
and the absence of a middle coxal branch. The depressor 
muscles of Grylloblatta are, on the whole, simpler than those 
of the other types. The prothoracic depressors of Dissostetra 
and Gryllus are distinctly more complex, the former having 
three and the latter five body branches, including in each case 
at least two pleural branches. In Megacrania, on the other 
hand, there is only one body branch, which is pleural in origin, 
while in Dixippus both tergal and pleural branches occur. 
The mesothoracic and metathoracic depressors in Grylloblatta 
and Gryllus are essentially alike, each having a tergal and 
pleural branch or head and three coxal branches. In Dissosteira 
the pleural branch is substituted by a second tergal branch and 
there is also a branch from the sternal apophysis, which is 
lacking in Gryllus and Grylloblatta. In Megacrania there are 
two tegral branches as well as a pleural branch in the meso- 
thorax, but only a single tergal and a sternal branch in the 
metathorax. Dixippus differs from Megacrania in having only 
one mesothoracic tergal and also a metathoracic pleural branch. 

The reductor of the femur is of typical form. This and the 
remaining leg muscles are similar in all three pairs of legs, 
except that the depressor of the fore tibia lacks the branch 
from the trochanter that is present in the other legs. The 
arrangement of the fibres of this muscle is more like that of 
Megacrania than Dissosteira and is probably more primitive 
than in the latter. The anterior levator, present though greatly 
reduced in Dissosteira and Megacrania, seems to be wholly 
absent in Grylloblaitta. The muscles of the tarsus are similar 
to those of Dissosteira except in minor details, such as the much 
greater length of the levator muscle, which arises in the proximal 
instead of the distal third of the tibia, and in the retractor of 
the claws, which has a single group of long fibres in Grylloblatta, 
in place of the three short groups in Dissosteira. In Mega- 
crania, on the other hand, there are two tarsal levators and the 
retractor of the claws has no less than five tibial groups of 
short fibres. 

The more important differences in the muscles of the six 
orthopteroid types here considered are summarized in the 
accompanying table: 
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GENERAL SUMMARY AND CONCLUSIONS 


The cervical sclerites of Grylloblatta resemble those of the 
Saltatoria, differing considerably from those of the Blattaria 
and Jsoptera. The coxal muscles of the first cervical 
sclerites are quite similar to those of Gryllus and Nemoura. 
The thoracic segments are independently movable, the 
intersegmental muscles being well developed and of 
primitive character. 

The three thoracic terga are of simple form, the protergum 
flat, the others slightly deflected laterally over the pleuron. 
There are no phragmata and the longitudinal dorsal 
muscles are flat and reduced to an apparently primitive 
form. 

The propleura are of primitive structure, combining char- 
acters of the Plecoptera, Blattaria and Saltatoria. The 
presence of an entopleurite is a specialized feature, 
indicative of relationship with the Saltatoria. 

The meso- and metapleura are remarkable for (a) the 
presence of large precoxal sclerites connected with the 
episterna by small muscles, and (b) for the partial detach- 
ment from the pleural ridge of the pleural arm, which 
arises mainly from the epimeron. The pleural arms are 
very small in comparison with those of winged Orthoptera. 
The presence of a pleural alar process connected with the 
tergum by a short muscle suggests a vestige of the winged 
condition. 


The sternal region is largely membranous, although the 
basisterna are fairly large. The very short muscular 
connection between the sternal apophyses and pleural 
arms is suggestive of the Saltatoria rather than the 
Isoptera. 

A spinasternum follows each thoracic sternum, only the 
third being slightly connected with the corresponding 
sternal apophysis. The presence of a third spinasternum 
is an important primitive character associated with the 
free connection of the first abdominal segment with the 
metathorax. 


The muscles of the thorax are most like those of Gryllus 
and Nemoura, which they resemble in many features that 








1938] Walker: Anatomy of Grylloblatta 627 


10. 


are probably primitive, e. g., the well-developed inter- 
segmental muscles, the insertions of the accessory sternal 
muscles—such as the third and fourth ventral longi- 
tudinals and the spinal promotors. 


The absence of segmental tergo-sternal muscles is correlated 
with the absence of wings. 


The tergo-pleural muscles are remarkably well developed, 
particularly those of the meso- and metathorax, which 
although apparently homologous with the small pleuro- 
alar flexors of winged insects are larger than the latter and 
inserted mainly on the pleural arm instead of the pleural 
ridge. They apparently function as depressors of the 
tergum. 

The legs are cursorial with scattered spines suggestive of 
the Blattaria. The coxae are large but without a definite 
meron such as occurs in the Blattaria and Isoptera. In 
this character they betray their closer relationship with 
the Saltatoria. The three pairs are very similar except 
in minor difference of structure between the fore legs and 
the other pairs, such as the more elongate coxae and 
twisted trochanters of the former, and the simplified 
insertions of the muscles. 

The five-jointed tarsi are a primitive feature associated 
with the primitive cursorial mode of locomotion, and not 
indicative of special blattoid affinities. The tarsal pads 
are paired except in the fifth segment, in which there is 
a single pad, proximad of tHe unguitractor plate and 
therefore not an arolium. This pad is absent from the hind 
tarsi. It is also present in certain primitive Saltatoria. 


The general structures of the cervical and thoracic sclerites 
and their musculature indicate a closer affinity with the 
Saltatoria, as represented by Gryllus, than with the other 
groups, although there is a considerable general resemblance 
to the Plecoptera, as represented by Nemoura, in the 
musculature. The resemblance of Grylloblatta to Gryllus 
is much closer than to Dissosteira, the more primitive 
nature of Gryllus being clearly indicated. The affinities of 
Grylloblatta with the Isoptera and the Phasmaria, as 
revealed by the thoracic musculature are more distant 
than had been expected. 
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EXPLANATION OF FIGURES 
(All the figures represent Grylloblatta campodeiformis Walk.) 


Fig. 1. Ventral view of thorax. 
Fig. 2. Left lateral view of thorax. 


Fig. 3. Dissection of thorax from above, showing, on the right side, the sternal 
and innermost layer of pleural muscles and, on the left, the sternal and pleural 
sclerites. The longitudinal dorsal muscle of the neck and prothorax has been 
removed. 


Fig. 4. Muscles of prothorax and mesothorax as seen after removal of dorsal 
walls of protergum and mesotergum. (Somewhat diagrammatic.) 


Fig. 5. Ventral musculature and nerve cord of prothorax and mesothorax as 
seen after removal of sternal body wall. 


Fig. 6. Anterior aspect of the coxo-trochanteric articulation of the fore leg. 


Fig. 7. Femoro-tibial articulation of fore leg. The coxa is opened from 
below. The femoral branch of the depressor of the pretarsus is omitted. 


Fig. 8. Muscles of prothorax, right side, innermost layer viewed from within, 
after removal of some of the sternal muscles. 


Fig. 9. Muscles of prothorax, after further removal of muscles 45, 50, 57, 
60 and 75. 


Fig. 10. Muscles of prothorax after further removal of 47, 53, 56, 58 and 
parts of 48 and 62; mesal wall of coxa removed to show muscles of trochanter. 

Fig. 11. Muscles of right fore coxa and trochanter, anterior view. 

Fig. 12. Muscles of right fore coxa and trochanter, lateral view. 

Fig. 13. Left propleuron, inner view. 


Fig. 14. Right propleuron, inner view, showing insertion of tergal and pleural 
promotor of the coxa by a common tendon on the trochantin. 

Fig. 15. Lateral view of middle coxa with lateral wall removed to show levator 
muscles of trochanter. 


Fig. 16. Dorsal view of base of fore trochanter showing attachments of levator 
and depressor muscles. 


Fig. 17. Dorsal view of middle trochanter showing attachments of levator and 
depressor muscles and trochantero-femoral articulation. 


Fig. 18. Femoro-tibial articulation of middle leg showing insertion of depressor 
muscle of tibia. 


Fig. 19. Tibio-tarsal articulation of middle leg, posterior view, showing the 
condyle and the tendon of the flexor of the pretarsus. 

Fig. 20. Muscles of mesothorax, right side, innermost layer viewed from 
within (ventral longitudinal muscles removed). 

Fig. 21. Muscles of metathorax, innermost layer viewed from within (ventral 
longitudinal muscles removed): 

Fig. 22. Muscles of mesothorax after removal of 82, 86 and 87; mesal wall of 
coxa removed to show depressors of trochanter. 


Fig. 23. Muscles of metathorax after removal of 112, 116, 117 and 123; mesal 
wall of coxa removed to show depressors of trochanter. 
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Muscles of cervical sclerites and cervical membrane, left side, viewed 
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Fig. 24. Muscles of mesothorax, outer layer. 
Fig. 25. Muscles of metathorax, outer layer. 
Fig. 26. 
laterally from within. 
Fig. 27. First thoracic spiracle, right side, inner view. 
Fig. 28. Second thoracic spiracle, right side, inner view. 
Fig. 29. Trochantero-femoral articulation of left fore leg, dorsal view. 
Fig. 30. Trochantero-femoral articulation of left fore leg, ventral view. 
Fig. 31. 


Base of middle coxa, opened and spread out to show the pleural 


and trochanteral articulation and the attachment of muscles. 


Fig. 32. 


Middle coxa and trochanter, anterior view, showing muscles. 


Fig. 33. Middle coxa and trochanter, posterior view, showing muscles. 


Fig. 34. 
Fig. 35. 
Fig. 36. 
Fig. 37. 
Fig. 38. 
Fig. 39. 


Fig. 40. 
of tendon of flexor of the pretarsus. 


Fore tarsus, ventral view. 


Hind coxa and trochanter, anterior view, showing muscles. 
Hind coxa and trochanter, posterior view, showing muscles. 
Left middle leg (except coxa), posterior view, showing muscles. 
Fore tarsus, posterior view. 

Hind tarsus, posterior view. 


Terminal segment of hind tarsus, showing absence of pad, and insertion 


ABBREVIATIONS 


be—basal sclerite of coxopleurite 

bs 1, 2, 3—basisterna of pro-, meso- and 
metathorax 

ca—first cervical sclerite 

cb—second cervical sclerite 

cx—coxa 

dl—dorsal lip of trochanter 

em—epimeron 

ema—epimeral division of anapleurite 

emc—epimeral division of coxopleurite 

en—entopleurite 

es—episternum 

esa—episternal division of anapleurite 

esc—episternal division of coxopleurite 

eu—euplantula 

fta—anterior condyle of femoro-tibial 
articulation 

ftp—posterior condyle of femoro-tibial 
articulation 

elastic ligament 





Ig 


pc—precoxale 
pla—pleural arm 
ple—pleural condyle 
pln—planta 


plr—pleural ridge 

plra—anapleural ridge 

plre—coxopleural ridge 

s—suture between anapleurite and 
coxopleurite 

sl—suture marking 
anapleurite 

sa—sternal apophysis 

sp—spiracle 

ss 1, 2, 3—first, second and third spinae 
or spinasterna 

tca—anterior condyle of 
trochanteric articulation 

tcp—posterior condyle of coxo- 
trochanteric articulation 

tfc—dorsal condyle of trochantero- 
femoral articulation 

tg—tergum 

tg la—underside of protergum 

tn—trochantin 

tr—trochanter 

utr—unguitractor plate 

vl—ventral lip of trochanter 

wp—pleural wing process. 


upper limit of 
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BOOK NOTICES 


PHYSIOLOGICAL GENETICS, by RICHARD GoLtpscHmipt. 1938. 6x9 
inches, pages ix+375, 22 tables, 54 figs. Published by McGraw-HiL.t Book 
Company, Inc., 330 West 42nd St., New York, N. Y. Price $4.00. 

Professor Goldschmidt, one of the zoologists who formerly brought scientific 
glory to the University of Berlin, at present finds the University of California a 
more comfortable place of abode. Early in the present century Professor Gold- 
schmidt’s interest turned to genetics and particularly to the cell mechanism 
involved, which interest, in a broad sense, is termed the physiology of genetics. 
The present exposition centers around the effect or action of the genes on the devel- 
oping soma. The subject was covered first by a volume, ‘‘Die quantitative 
Grundlage von Vererbung und Artbildung,’’ in 1920. It was reviewed ten years 
later in ‘‘Physiologische Theorie der Vererbung’’ and now has a second revision in 
the present volume. (From the Introduction.) ‘‘As it is emphasized over and 
over by writers of texts and by general speakers that we know next to nothing of 
the action of the hereditary material in controlling development, it seems advis- 
able to present the entire material available. Not only has this material been 
assembled and reviewed, but an attempt has been made to organize it into the 
skeleton of a future science of physiological genetics.’’ 

The work of Goldschmidt is on the borderline between physiological embry- 
ology and what the student usually thinks of as genetics. To appreciate the 
subject the reader should be fairly familiar with the concepts of embryology which 
have crystallized in the past ten years and with genetics as it is usually taught in 
advanced college classes. 

The subject matter is divided into four ‘‘parts’’: I. Introduction, pp. 1-3; II. 
The Mutated Gene and the Potentialities of Development, pp. 3-255; III. The 
Cytoplasm and the Activation of the Gene, pp. 262-280; and IV. The Nature of 
the Gene, pp. 282-316. 

The second part of 250 pages is devoted to a review of the greater part of the 
evidence on the subject of development as controlled or modified by the action 
of the Gene. This part starts out with a discussion of the brilliant work of Stand- 
fuss in the nineties of the past century when he heated or chilled pupae of common 
European butterflies and produced Geographic races already known from warmer 
or cooler areas. By Darwinian theory this was almost biological heresy. The 
explanations invoked at the time were without a knowledge of the genetic pat- 
terns involved and thus were inadeqaute when viewed in the light of our present 
knowledge. 

Thus Part II deals with the numerous instances of developmental pattern 
that have come to be recognized as such and the many cases when changes in this 
pattern have been linked up specifically with mutant changes in genes. The 
author’s own extensive work on color pattern in the gypsy moth and its many 
varieties and mutants is reviewed here with all the work of other investigators 
that bears on the problem. It is a fascinating subject which gives us an insight, 
a glimpse here, a glimpse there, of the mechanism of development of a living animal. 
Later explanations grant a greater complexity to the mechanism of development 
than have the first theories suggested. We wonder when this new science of 
physiological genetics has become well developed whether it may not be so com- 
plex that few biologists can understand it. : 

Part III, Cytoplasm and the Activation of the Gene, discusses the possibility 
of cytoplasmic inheritance and the various interactions between cytoplasm and 
gene. With Part III the evidence becomes less definite. Hardly more than an 
outline of possibilities has been worked out with our present experimental knowl- 
edge of the subject. 

Part IV is almost pure speculation on what is ‘‘The Nature of the Gene."’' It 
is a discussion largely of the various changes possible in organic molecules and the 
probable effects of these. 

Altogether the volume is stimulating as it attempts to penetrate premises 
that’ are generally closed to us common biologists. It is the kind of work we 
would like to do if we had the physical and mental ability. 
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We like the thorough documentation and the forty-five pages of bibliography 
all of which give the student a real access to the subject of physiological genetics. 
The volume has the usual sturdy binding, good paper and readable type face of a 
McGraw-Hill text.—C. H. K. 


GRUNDRISS DER INSEKTENKUNDE, by Dr. HERMANN WEBER, 1938. 7 x 10 
inches, pages xii-258, 154 figs. Published by VERLAG von GusTAV FISCHER 
in Jena, Germany. Price, paper bound, RM 12 ($4.95), cloth bound, RM 
13.50 ($5.55). 


Doctor Hermann Weber, Professor of Zoology and Comparativ Aenatomy at 
the Zoological Institute of the University of Munster in Westphalia, has given us 
a comprehensive summary of the anatomy, ontogeny, physiology and ecology of 
insects. It appears to have the best balance with regard to weight of subjects of 
any entomology to date. Apparently Professor Weber has not written for any 
specific group of students. The subject matter has guided his exposition rather 
than the thought so often dominant that the volume should fit the needs of certain 
college classes or have a wide sales appeal to more than one group. To profit by it 
the student should have a fairly broad knowledge of the orders and main families 
of insects, a knowledge which implies at least one year of college work in 
entomology. 

The idea which strikes us at once on seeing its thorough organization and 
many excellent illustrations is that it is an ideal volume for the graduate student 
who has finally consented to study a foreign language. As it is built around anat- 
omy the language is fairly simple and direct with a descriptive vocabulary rather 
than the vocabulary of abstract and philosophical terms which is a strange lan- 
guage even to the average educated inhabitant of Germany. We believe that as a 
summary of insect biology in the German language ‘‘Grundriss der Insektenkunde”’ 
will prove to be a very valuable book to all graduate students. The price is within 
range of the student pocketbook. 

The subject matter is arranged in three main divisions: I. Development, 
Structure and Function of the Insect-Body, pp. 1-123; II. The More Outstanding 
Specializations of Structure and of Function, in Taxonomic Arrangement, pp. 
124-194; III. The Insect as a Part of Organic Life (Ecology), pp. 195-233. Index, 
pp. 241-258. There are listed 154 figures, the majority of which are original but all 
of which are at least redrawn (though not always credited) by the deft pen of the 
author. (Here we would like to take time out in order to call attention to Pro- 
fessor Weber’s remarkable ability as a master draftsman. He produces a contrasty 
pen drawing that engravers must thoroughly enjoy because of the ease of etching 
such. Thus the illustrations are vigorous in their lights and shadows and just 
schematic enough that they have strong ‘‘rhetorical’’ emphasis. Weber does 
brilliant illustrative work.) 

If there are disappointments to the reader it is because of what has had to be 
omitted because of lack of space. A sample of such omission is his treatment of 
the Odonate specializations in the second part. The Odonata are one of the most 
aberrant groups of insects as they stem from the very base of the Pterygote line. 
The remarkable development of rectal gills is merely mentioned. The unique 
sexual apparatus on the second abdominal segment of the male receives nine lines 
of text and no illustration of value. The position ecologically that the Odonata 
have had to maintain as a predator group, one jump ahead of their prey, or face 
starvation, is not touched upon. They have apparently a flight mechanism that 
‘‘gets many miles to a gallon of gas.’’ In each of 300,000,000 seasons the Odonata 
have managed to meet their public with the best motor for endurance and speed 
in the insect world. 

We are disappointed in the apparent entire omission of references out to the 
literature. The only bibliography is one of twenty-two text books and fifty-two 
recent and important papers which, themselves, will lead into further writings. 
Apparently this list is not tied directly into the text. Fortunately titles are 
included in the bibliography. It gives one an unpleasant sensation to read a sec- 
tion on ‘Die staatenbildenden Insekten’’ and find no mention of the Hungarian 
Mayr of Vienna, Emery of Italy, Forel of Zurich or our own Wheeler of Harvard. 
The other star in this brilliant group, Escherich is credited with one illustration. 
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Such reviews of the biology of insects make us realize ever more vividly that 
we are not dealing in entomology with a mere Class Insecta but with a world of 
animal life. Insects run into such innumerable species, into such diverse structures 
and such diverse habits that no longer, without serious slights and omissions, can 
a biology of insects be compressed between two covers. The one-volume day of 
the science of entomology is gone. 

Nevertheless, Weber’s work is well done. The paper, printing and binding are 
of the usual high quality used by Gustav Fischer of Jena.—C. H 


CHILDREN OF THE GOLDEN QUEEN by Ftora MclInryre, 1938. 714 x9 
inches, pp. 1-80, 31 photo-illustrations. Published by E. P. Dutron & Co., 
Inc., 300 Fourth Avenue, New York. Price $1.50. 

This is a children’s book on the habits of the honey bee. It is written by a 
beekeeper and the manuscript has been read and checked by E. R. Root, Editor 
of ‘‘Gleanings in Bee Culture,’’ Allen Latham, science teacher and by J. I. Ham- 
bleton of the Division of Bee Culture of the U. S. Department of Agriculture. It 
has been so carefully prepared that it may have lost some spontaneity of expression 
and so may have lost some of its charm for the thrill hunting young mind. For 
instance, co-operative work among human beings is so regularly preceded by a 
discussion of what to do and how to do it that a writer on social insects finds 
difficulty in struggling along without some form of insect discussion when co-op- 
erative situations arise that appear to need an introduction or explanation. Bee 
conversation when used is introduced with some such remark as, ‘‘We will imagine 
the bees are saying.’’ Thus activities are usually given as direct statements of 
fact and anthropomorphic interpretations are avoided. Teleology is absent. It 
is a child’s book written with scientific ideals in mind. 

‘‘A Page for Grown-ups,’’ which is an introduction stating sources and help 
received, opens the discussion. The subjects covered are ‘‘The Swarm,” ‘‘The 
Orphans,"’ ‘‘The Mating of the Young Queen,”’ ‘‘Busy Bees,’”’ ‘‘The Harvest,”’ 
“Winter is Coming’’ and ‘“Winter.’’ This carries the activities of the colony 
around the year. 

The illustrations are mostly full page photographic cuts of bee activities. 
Some are loans from ‘‘Gleanings in Bee Culture’’ and others are from ‘‘The Amer- 
ican Bee Journal.’’ We approve of this book very highly but whether our children 
will get as many thrills from it as from some of the other children’s books less 
meticulously written remains to be seen.—C. H. K. 


THIS WORLD IS OURS, by Paut B. Sears, 1937. Pages xi-292, numerous 
sketches by the author. Cloth, published by THe UNIversity or OKLa- 
HOMA Press, Norman, Okla. Price $2.50. 

The reading public is beginning to benefit directly from the great mass of 
geological and more specifically biological literature since those first followers of 
Darwin and Wallace faced the apparent truth concerning man’s origin and history. 
To man himself these are two of the most interesting of all subjects beyond those 
more intimate subjects associated with sex. Many religions in the past have been 
largely built on tales of man’s origin, his history or on sex, usually on a mixture 
of all three. These subjects are puzzles and thrills that constantly challenge all 
human minds. 

The next of this general group of interesting subjects is that of the more 
detailed relation of man to the world in which he lives. This is a later phase of the 
general problem of man’s place in nature. First we had to have a fairly sound 
theory of his origin and of his history and a parallel history of his physical environ- 
ment. Now writers can synthesize all previous studies and give us an ecology of 
man such as ‘‘This World is Ours.’’ The author approaches his final thesis over the 
two roads: First: ‘‘The Pattern of Inanimate Nature’’ which section includes The 
Theater of Life (Chap. III), The Atmosphere at Work (Chap. IV), Water the 
Great Sustainer (Chap. V) and Soil, the Reservoir of Life (Chap. VI); second: 
“The Pattern of Living Nature’’ which embraces, What is Life? (Chap. VII), 
The Pageant of Life (VIII), Plants, Life at Anchor (IX), Animals, Life on the 
Move (X), The Living Environment (XI), The Pattern of Life (XII) and Succes- 
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sion, The Growth of Communities (XIII). Man’s adjustments are discussed in the 
final section, ‘‘The Pattern of Human Cultures’’ which includes: Man the Human 
Animal (XIV), Society, the Communities of Man (XV), Disease, the Failure of 
Adjustment (XVI), Technology, Slave or Master (XVII), and Whose Move 
Next? (XVIII). 

We have placed the book in factual literature but we are puzzled as to how to 
depict its word for word interest. It is an interesting book which holds the read- 
er’s attention. Perhaps part of the technique of writing in an interesting manner 
is the constant bringing of man into many of the pictures unfolded. The reader 
observes the seething world through the keen eyes and logic of the author and 
enjoys this vicarious vision. The book is illustrated with numerous of his pen 
sketches, curious fuzzy little sketches many of which are mildly humorous. The 
author obviously writes with a smile on his face and an ample supply of sugar in 
his blood. 

We recommend the volume for that inside Xmas-list of books for the half 
dozen friends one likes most.—C. H. K. 


LASIUS THE LUCKY ANT, by Nina A. Frey, 1938. 6 x 8!% inches, 95 pages, 23 
figs. Published by E. P. Dutton & Co., Inc., 300 Fourth Ave., New York. 
Price $1.50. 

We do not know of any book which has fed our soul and justified our conscience 
as has this volume. It is a first class object lesson. It shows us the very mixed 
(correct and incorrect) knowledge one may acquire by reading up on a subject in 
order to write as simple a thing as a child’s book on ants. Our soul inflates itself 
because we have followed the other, the rocky road of field and laboratory work. 
For ten summers we have dragged ourself away from the flashing, dazzling 
Odonata to learn something of the taxonomy and habits of ants. Particularly we 
wished to be able to apply our reading knowledge of the biology of ants to the 
right ant in the field. Now we can begin to discuss ants with our students and can 
lecture modestly on insect societies. 

‘‘Lasius the Lucky Ant’’ is very obviously the product of a reading knowledge 
of ant life. Some errors corrected are: Lasius niger is a brown or slate colored ant, 
not black; the common yard mole (Talpa) is an insectivore, not a root eater; 
“‘instinct’’ can hardly tell the worker that on the death of the queen the colony 
will perish; a spider using its palp cannot grab an ant by the ant’s foot; the ant- 
lion is a neuropter, not a beetle; honeydew is an excretion from the anus and is not 
from the aphid’s back; aphids in being moved by ants are carried and are not 
driven ‘‘on the hoof’’ for any distance, if at all; the pupa does not feed and needs 
no supply of food external to itself; Lasius has no soldier caste; Atelura ‘‘the food 
snatcher’’ correctly figured on p. 74 from Janet is not a beetle but a Thysanuran; 
Polyergus (without edged jaws), ‘‘the shining slave-maker’’ does not raid Lasius 
nests, it enslaves Formicas. Lastly the male is not larger than the queen. He is 
merely a large gnat in size while the queen is several times as large as worker 
or male. 

We have been repeatedly criticized for our generosity in notices, for pointing 
out excellencies and ignoring lacks. But this volume stretches our generosity to 
the breaking point. In spite of the interesting tale unfolded and the fair illustra- 
tions we cannot approve a book for children which contains so many errors. We 
may be prejudiced but we feel and feel strongly that children’s books on insect life 
should be written by persons who know insects or should be very carefully checked 
by such before publication.—C. H. K. 


GENERA ARACHNIDORUM. Under the general direction of the managers of 
the well known series, Genera Insectorum, is slated to appear a parallel 
series of monographs on the Arachnida under the title Genera Arachnidorum. 


The Genera Insectorum was founded by P. Wytsman in Belgium about 1902 
and has proven itself to be a series very useful to taxonomists. Now that Arach- 
nology has come to the front a new series covering this field appears timely. 
Further information as to prices and titles available may be had by addressing, 
Genera Insectorum, ‘‘Les Sapins,’’ Quatre-Bras Tervueren, Belgium,—C. H. K. 
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A TEXT BOOK OF GENERAL PHYSIOLOGY FOR COLLEGES, by Puuiie 
H. MItcHELL. Pages i-xviii and 1-853, 200 text figures, 6x 9, cloth. 1938. 
McGraw-Hi.u Book Co., 330 W. 42nd St., New York City. Price $6.00. 

The changes and additions in the third edition of Professor Mitchell’s book 
are best described in the author’s own words: ‘‘Although every chapter has had a 
general revision, the most extensive changes for this edition have been made in 
connection with excitation, contraction, chemical transmission, structure of 
membranes, the permeability of cells, physiological oxidations, the chemistry of 
muscle, the vitamins and the hormones. . . . New sections include the organizers 
or evocators, oxidation-reduction potentials, Liesegang phenomena and the 
physiological study of temperature characteristics.”’ 

The labor and thought required to write a text book of general physiology 
must be appalling. We have great admiration for any man who has the audacity 
to attempt it. Because there is no generally accepted definition of general 
physiology, modern text books in this broad and indefinite field differ greatly 
in the subjects chosen for exposition, in the emphasis placed upon them, and in 
manner of presentation. Professor Mitchell’s ‘‘selection is based, as in the earlier 
editions, upon a desire to present those aspects of the subject most likely to be 
most useful to a student who is able to take but one college course in physiology.”’ 
Therefore the emphasis is placed on vertebrate physiology, though physiological 
processes common to all living organisms are discussed. We do not understand 
why the author chose to open the book with six chapters of nerve-muscle 
physiology and then revert to elementary biochemistry and physical chemistry, 
about which it is assumed that the student knows nothing. Perhaps it is the 
intention to give the student the feeling at the outset that he is studying the 
reactions of living tissues and so stimulate interest that might be quenched by 
the more abstract considerations of physics and chemistry and their relations 
to physiology. 

This book reveals the enormous diversity of methods and lines of inquiry 
that are being followed to obtain an understanding of the mechanisms and reactions 
of cells, tissues, organs, and the organism as a whole. Innumerable fragments 
of information have been brought to light and one is overwhelmed by the multi- 
plicity of uncorrelated facts. We think that some attempt at synthesis either 
in a summary chapter or in summaries at the end of chapters would have helped 
the student to formulate definite conceptions of physiology. 

A thin thread of morphology runs through most of the book, though not 
enough, we believe, to enable a student untrained in anatomy, histology, and 
cytology to visualize physiological processes to best advantage. We wonder 
whether a student would not learn more from the intensive study of the morphology 
and physiology of a single species of organism than from darting here and there 
over the animal kingdom with brief excursions into plants. 

For the advanced student the book offers references to reviews and important 
papers on special subjects, but it does not pretend to treat any subject exhaustively 
and therefore is of little use to the specialist. 

The book has very little to say about insect physiology but it and all other 
books on general physiology should be studied by those who hope to work in the 
field of insect physiology in order to learn what might be done with equipment 
and methods that might be adapted for application to insects. We need workers 
in insect physiology coming into the field not through the usual entomological 
curricula, but through specialized training in microscopic anatomy, biochemistry, 
physical chemistry and general physiology.—F. L. C. 


LABORATORY MANUAL OF GENERAL PHYSIOLOGY, by Pur H: 
MITCHELL and Ivan R. Taytor. Pages i-xv and 1-142, 29 text figures, 
6 x 9, cloth, 19388. McGraw-HiLt Book Co., 330 W. 42nd St., New York 
City. Price $1.50. 

This manual is designed to accompany Mitchell’s Text Book of General 
Physiology reviewed above. It contains directions for 254 laboratory exercises, 
illustrating the principles discussed in all but four of the chapters of the book 
just mentioned. The chapters in the manual are not numbered to correspond 
with those in the book but are given the same titles. An appendix is given on 
various useful solutions and their composition.—F. L. C. 
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THE HISTORY OF SCIENCE AND THE NEW HUMANISM, by GEorGE 
SARTON. pp. i-xx and 1-196 (cloth 5 x 734 in.). 1937. Published by the 
HARVARD UNIVERSITY PREss, Cambridge, Mass. Price $2.00. 


A leading entomologist asked that this volume, by the editor of Isis, be given 
a notice in the ANNALS. It concerns the function of science and the ideals of 
scientific men in the evolution of human culture. It shows the futility of rating 
culture by the state of development of the fine arts while it thrills a scientist in 
its development of the theme that eventually civilization will have to be organized 
about the truths of science and the ideals of scientific men. 

‘‘The book is a revised edition of the Colver Lectures delivered before Brown 
University and of the Elihu Root Lecture given at the Carnegie Institution of 
Washington.’’ The author, a native of Ghent, Belgium, originally educated in 
chemistry at the University of Ghent, is an internationally known scholar and 
writer on the history of science from the point of view of bridging the growing 
abyss that divides the intellectual leaders of mankind. He argues for a more 
extended education in the history of science as a unifying force in cultural educa- 
tion. His life has been devoted to the history of science from earliest times to the 
present, to an attempt to evaluate science in its influence on civilization and 
particularly on those phases of human development spoken of as cultural. We 
quote (p. 179): ‘‘The history of science is the story of an endless struggle against 
superstition and error; it is not a vivacious and spectacular struggle, but rather 
an obscure one—obscure, tenacious and slow. The resistance of science against 
every form of unreason or irrationality is so firm and yet so quiet, that it is almost 
as gentle as non-resistance would be, yet unshakable.”’ 

“All of which indicates that science is the best instrument, if not the only 
one, to defeat barbarism and to establish on a solid foundation whatever kind of 
culture we have already managed to inherit, to gain or to build ourselves. Science 


aims at perfection, . . . and it is thus led to grow continuously in a definite 
direction. Science aims at permanence, and hence in spite of its readiness to 
sacrifice always the imperfect to the less imperfect, . . . it is the best guaranty 


of ultimate stability. Science is of its very essence international and inter-racial, 
it is thus the strongest bond of union between the peoples of the earth. It aims 
at unanimity, not concerning any preconceived idea, but concerning the very 
system which is being developed by the unconscious and continuous collaboration 
of all peoples in a task independent of themselves and infinitely superior to any 
one of their desires. Scientific work is one of the highest forms of altruism.’’ 

The volume is not an exacting scientific exposition of the subject. It is an 
inspiring discussion. In moments of black despair we sometimes wonder what 
is the value of such high idealism. The author’s concept of a cultured teacher 
as one tolerant but fluent in English, German, French and Italian with a broad 
knowledge and appreciation of music and other arts, does not apply to ninety-nine 
per cent of the present members of human society. Is he writing at a level in some 
dream world or is he helping build a better present day society of material which 
can never be of a much higher cultural level than that at present? It would 
seem that the very quantity of the pulp literature of the news stands would swamp 
the relatively few copies of such works as ‘‘The History of Science and the New 
Humanism.’’ We feel that the evolution of human society is by a series of mass 
movements physical, intellectual or cultural, usually all three. Leaders are 
usually wordy glad handers who happen to be out front and get shoved in any 
great movement. An equal number of equally brilliant leaders (?) are always 
left behind.—C. H. K. 


PERSONAL BIBLIOGRAPHIES. After our remarks in the September issue 
of the Annals anent a personal bibliography of scientific papers by Professor O. A. 
Johannsen, and Dr. C. S. Blatchley’s ‘‘Blatchleyiana,”’ we received two other such 
which we have deposited in the Department of Zoology and Entomology Library as 
carded books. 

Papers by Harry B. Weiss, 1912 to 1937. Privately published. Trenton, 
New Jersey. 100 copies. 

Bibliography of Scientific Papers, by G. F. Ferris. This is in three sections 
clipped together: 1915-1924, 1925-1928, 1929-1936. 

We feel certain that such bibliographies have considerable value to students in 
general and particularly to those working in the same fields.—C. H. K. 
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THE INSECTS OF NORTH CAROLINA, BEING A List OF THE INSECTS OF NORTH 
CAROLINA AND THEIR CLOSE RELATIVES, by C. S. BrRIMLEY, L. L. D., 1938. 
6x9 inches, 560 pages, cloth bound. Published by Division or ENTOMOL- 
oGy, North Carolina Department of Agriculture, Raleigh, N. Car. Price 
$2.00. 


We have already found this volume of use in satisfying our curiosity as to 
how certain families of insects are represented on the south-eastern coast of the 
United States. The list is the first published result of a project started thirty- 
eight years ago by Franklin Sherman, Jr., when appointed first State Entomol- 
ogist in 1900. It is a catalogue of Insecta, Arachnida, Diplopoda, Chilopoda, 
Myrientomata and the sowbugs and crayfish of the Crustacea. Nine thousand 
five hundred insects are listed. This was a pet project of Sherman and was con- 
tinued under C. S. Brimley after Sherman’s appointment to Clemson College. 
Four pages of names of specialists are given who have helped in the determination 
of North Carolina material. This includes, of course, names of men who have 
published on species from that area. 

The success of this project has come out of the hard work and determination 
of two men, Professor Franklin Sherman, Jr., and Dr. C. S. Brimley. The present 
writer having spent a year at Raleigh (1918-1919) and having seen this list in 
process of making, believes that ultimate success has come not only from hard 
work but from the pleasant personalities of the two gentlemen mentioned. Both 
have been able to ask extensive favors from many specialists, favors of identifica- 
tion and in collecting which normally are more or less difficult to obtain. The 
writer’s year under Professor Z. P. Metcalf with trips to the State Entomologist’s 
Office and field trips with Mr. Brimley has always been looked back upon with 
pleasure.—C. H. K. 





THE WONDER WORLD OF ANTS, by Witrrip S. Bronson. 87 pages, 24 text 
figs., 8 plates, of which four are colored, 64 x8%4 inches. Linen bound, 1937. 
Published by Harcourt, BRACE AND CompPANy, New York. Price $0.00. 

This children’s book opens with a chapter on the fun of watching ants. The 
second chapter deals with ant anatomy, ‘‘What is an ant?’’ Then follow chapters 
on home builders, harvesters, mushroom farmers, cattle keepers, honey savers, 
beggars, bootleggers and bandits, slave makers and army ants. 

To us this is an interesting book as the author appears to be widely familiar 
with the literature on the habits of ants. The statements of habits are generally 
correct and so are acceptable. However, he reverts at times to teleologica! 
expression as he constantly compares ant behavior with human activities of both 
the social and the asocial type. 

Besides the author’s teleology and constant comparison of ant and man we 
question the need of emphasizing asocial behavior in making an ant book inter- 
esting. One-fourth of the book is given over to the activities of ‘‘ant beggars, 
bootleggers and bandits,’’ ‘‘slave makers’’ and ‘‘ant armies.’’ With our own 
children we have hesitated to introduce them to asocial behavior whether human 
or formicine, at least until after they have built up and consolidated their founda- 
tion of unquestionably social behavior. We feel that they will survive longer 
and be better social units, if asocial behavior on their part is a secondary type 
learned of later in life. In our immature human society much asocial behavior 
remains embedded in the civic structure and may be of use to dictators, black- 
mailers and politicians, but at least in our dream-life we hope for its elimination. 
Thus we wonder if various of these activities of ants could not have been kept 
interesting without admitting human perversions so freely. Exceptional conduct 
is the interesting conduct whether formicine or human. Asocial conduct in a 
social world is exceptional, hence it is too often chosen for interest and even given 
emphasis. 

We are hoping to see the day when some genius from the College of Education 
will tell us just how to write an ant book for children. Perhaps all kinds are 
right. Perhaps there are very different types of child brains adapted to different 
types of literature. 

We are hoping also to find a book on human activities written by a bright 
author who analyses our foolishness and inadequacies from the point of view of ant 
behavior. We almost wrote ‘‘from the ants’ point of view.’’—C. H. K. 
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UNTERSUCHUNGEN UBER DEN GESCHLECHTSAPPARAT DER AQUA- 
TILEN WANZEN, by OssIAn LaRsEN, pages 1-388, 151 text figs., (paper, 
7x 10 in.). 1938. Published as Supplementum 1 of the journal, Opuscula 
Entomologica, published by the ENTOMOLOGISKA SALLSKAPET 1 LUND 
(Entomological Society of Lund). 


This is a very detailed account of the love-life and of the anatomy and function 
of the genitalia of seven species of aquatic Hemiptera. It covers two species 
each in the Corixidae and Nepidae, and one species each in the Naucoridae, 
Apneliocheiridae and Notonectidae. 

It is a volume, well written and elaborately illustrated, which will interest 
all hemipterists and should be of interest to those students of evolution who wish 
a picture of adaptation, (and of lack of precise adaptation) of form to function. 
From some of the author’s illustrations of these insects in copula we wonder at 
the awkwardness of the positions and how the species have managed to survive 
to the present time. 

Each species is discussed at length under the following or similar headings: 
1, a. Features in common in the structure of the abdomens of the two sexes; 
1, b. The male organ; 1, c. The female organ; 2. Function of the organs. The 
copulation position. The union of the copulatory organs of both sexes. The 
oviposition. 

In some of these insects the sexual segments of the male may be very asym- 
metrical which introduces some nicities of comparative anatomy. 

From the author’s statement these studies have extended over a considerable 
period (18 years), involved many field trips with observation of the various species 
in nature, and much laboratory and library work. It is a type of study which 
should be encouraged among skilled amateurs who have time and an interest in 
such an entomological avocation. (We are not implying that O. Larsén is an 
amateur.) Eventually the taxonomic period in American entomology will have 
been passed and more energy can then be directed into studies of habits and the 
functions of the organs involved. 

The work contains a bibliography of eleven pages and is printed in the best 
European style.—C. H. K. 


A CATALOGUE OF THE ORIGINAL DESCRIPTIONS OF THE RHOPALO- 
CERA FOUND NORTH OF THE MEXICAN BORDER, edited by 
F. Martin Brown. PArt ONE. The Hesperioidea, by ERNeEst L. BELL. 
35 pages. Bulletin of the Cheyenne Mountain Museum, Vol. I, Part I, 1938. 
Price fifty cents. 

We are promised in this initial number four additional parts of the catalogue, 
covering, respectively, the Papilioninae, the Nymphalidae, the Satyridae, and the 
Lycaenidae. Such a work, giving in its abridged bibliography the references most 
often wanted, will fill a great need among lepidopterists. No catalogue of the 
North American fauna has been published since the early years of the century. 

The format of this work is pleasing. Although the italic capitals in which 
synonyms are set seem unnecessarily conspicuous, the boldface of the generic and 
specific names retains for them the prominence that they should have. The pages 
are amply spaced and broad-margined, so that annotations can be added without 
crowding. 

The author of the first part, when the reviewer first became acquainted with 
him, spent his days in New York’s financial district. Since his retirement from 
business he has-devoted himself to the study of the Hesperioidea of the Western 
Hemisphere and has shown himself to be a taxonomist of keen perception and true 
scientific spirit. As a research associate of the American Museum of Natural 
History it is to be hoped that his fine work will be continued until the remaining 
problems of this difficult group are solved. 

His present contribution offers little opportunity for comment, save that it 
brings together in clear and compact form the basic information that has been 
accepted in the group in recent years. Where it expresses opinion, we can be sure 
that it is as sound as opinion can be, and where it may be subject to change, the 
change may be expected as the result of researches not yet carried out, not as the 
correction of inadequate work by the author.—A. W. L. 
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THE AMERICAN BIOLOGY TEACHER. Vol. I, No. 1. October, 1938. Pages 
1-24. Published by ‘‘THE NATIONAL ASSOCIATION OF BIOLOGY TEACHERS.”’ 
Address: Sec.-Treas. P. K. Hondek, Township High School, Robinson, IIli- 
nois. Eight annual issues for the price of dues as member, $1.00. 


This is an outgrowth of the study and plans of a committee appointed June, 
1936, by the Union of American Biological Societies (of which our society is a 
member) who were concerned with the many influences in this country against 
known and established truths in the various biological sciences. This committee 
investigated such matters as laws against teaching evolution in state schools and 
was astounded at its findings, as for instance the great number of states in which 
only special, deleted editions of high-school biologies could be sold. The attitude 
in many states on such subjects as segregation of the congenitally criminal and 
feeble minded, proper health for marriage, etc., was found to very indifferent, if 
not actually antagonistic to a proper scientific solution of social biological prob- 
lems of this type. The committee found a widespread antagonism to freedom of 
speech in matters of vital biological interest to society in general. 

It was found that these attitudes came largely from the ninety per cent of 
Americans below college level, that the education of the ninety per cent in the 
grades and high schools was the problem before society. 

Hence the organization, July 1, 1938, of the National Association of Biology 
Teachers, a first step in the strengthening of leadership in the teaching of honest 
biology in secondary schools. This work needs the support of every biologist in 
the country. 

The first issue of the Association’s journal ‘“The American Biology Teacher’’ 
opens with a discussion by Oscar Riddle of the Carnegie Institution of Washington 
of this major American problem of getting an open discussion of pressing biological 
problems into high schools. Then follows the Constitution of the National Asso- 
ciation of Biology Teachers. The first constitutional objective is to ‘‘Facilitate 
the dissemination of that biological knowledge which is most vitalizing and useful 
to the public in everyday life.’’ Following these official statements are articles, 
helpful to high school teachers. The last page gives Association Officers, Editorial 
Staff and Advisory Staff. 

To some readers it may appear questionable to note in the Annals the appear- 
ance of a new high school journal. We can say that few scientific journals in this 
country have appeared with as sound and as much high scientific backing as does 
The American iskeer Teacher. It is backed by earnest men who hope and strive 
that our freedom of speech may survive.—C. H. K. 


THE WORLD WAS MY GARDEN, TRAVELS OF A PLANT EXPLORER, by 
Davip FAIRCHILD, assisted by Elizabeth and Alfred Kay. 1938. Pages 
I-XIV and 1-494, 207 photographs, 7 x 914, cloth. Published by CHARLES 
SCRIBNER’S Sons, 597 Fifth Ave., New York, N. Y. Price $3.75. 


The name, David Fairchild, is undoubtedly familiar to entomologists every- 
where, but many, like the reviewer, may not have had the good fortune to know 
him and his work. The reviewer first heard of him when W. M. Wheeler went with 
him on one of the Allison Armor expeditions to Morocco on the laboratory yacht 
Utowana. We have been curious ever since to know more about Professor Wheel- 
er’s traveling companion. Now, having read his autobiography from cover to 
cover, we feel that we also have traveled with David Fairchild and know him well. 

It would not be fair to a prospective reader to outline here the life of David 
Fairchild. Let him approach it with undiminished curiosity and learn how dreams 
may sometimes come true. Let us say only that it will somewhere touch the 
knowledge, experience, or imagination of every reader, whether scientist or lay- 
man. For ‘“‘plantsmen’’ the contact will of course be closest, for entomologists the 
contacts are more frequent than one might expect. Early in his career David 
Fairchild studied termites in Java and later became interested in photographing 
insects magnified several times. Four pictures of his insect ‘‘monsters’’ are 
included in the book, which contains more than 200 photographs of people, plants 
and early airplanes, nearly all having been taken by the author. Few entomologists 
are mentioned by name, but the author was well aware of them, particularly when 
the plant quarantine laws made it more difficult for him to import and establish 
foreign plants. 
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We warn any entomologist who opens this book that he is about to neglect his 
family and work for as many hours as he needs to read it. If he takes it up during 
a period of discouragement, it will renew his enthusiasm, restore his faith in the 
value of his work, and make him feel proud to be a member of a biological pro- 
fession. Here, indeed, is the story of an enviable life told in a charming manner 
that can be equaled only by our own Dr. L. O. Howard. The style of David 
Fairchild is so clear and unpretentious, so nicely spiced with humor and sprinkled 
with his modest opinions, that he captivates the reader. We predict that this 
book will soon be listed among the most popular non-fiction of the year.—F. L. C. 


BIOCLIMATICS, A SCIENCE OF LIFE AND CLIMATE RELATIONS, 
by ANDREW DELMAR Hopkins, pp. 1-188, 54 figs. and many tables, 9 x 114 
inches, paper bound. Published as Misc. Publ. No. 280, Jan., 1938, U. S. 
Dept. Agr. 


Professor Hopkins, in entomological work since 1890, has spent the latter 
years in working out the applications of bioclimatic principles. These are sum- 
marized in this volume. Professor Hopkins’ aim in these years of data gathering 
has been to give the biologist, whether in the pure or in the applied science, a 
more workable definition of life and crop zones than the usual type based on plant 
indicators. Whether he has succeeded in doing this in a final form we are 
incapable of saying as we are not familiar enough with the complex factors 
involved in distribution of organic life in relation to climate. 

The average entomologist will think of Hopkins when he has to determine 
the sowing dates for wheat to avoid serious damage by Hessian fly. However, 
even here, while Hopkins’ bioclimatic law is the basic principle necessary to 
follow, the factors of rainfall, temperature, sunshine, etc., are so variable that 
such a law cannot be depended upon too closely. However, biologists will be in 
debt to Professor Hopkins for his years in study of the details of the application 
of the general law especially to conditions in North America. 

The work is divided into two parts. Part I. Laws, principles, systems, 
and methods of application. Part 2. Time, seasons, zones, zonal types. The 
work is full of interesting charts and tables used to illustrate the application of 
the principles involved to specific problems. ‘‘Bioclimatics’’ makes us wish 
that more biologists would stick to one subject long enough to publish more com- 
plete presentations than is the custom at present. Are biologists with real 
endurance disappearing?—C. H. K. 


EVOLUTION OF THE ANNELIDA, ONYCHOPHORA, AND ARTHROPODA, 
by R. E. SnopGrass, pp. 1-159, 54 text figs. Smithsonian Miscellaneous 
Collections, Vol. 97, No. 6. 


In this volume Snodgrass gives an outline of the probable evolutionary place 
of the Insecta in the general group of Metazoa. He traces the evolution of 
insectean structure from an early swimming planula type with an open posterior 
gastrococle into a creeping worm-like animal with a simple alimentary canal, a 
subapical ventral mouth and a terminal anus, on, and on, through generalized 
annelids, generalized Arthropoda to symphylid and protohexapod stock. 

This agrees well with the recent trends in studies of the evolution of insects. 
We enjoy the writings of Snodgrass because he does not think solely in terms 
of insect anatomy. He is a biological engineer and thinks in terms of the 
mechanical problems involved. A knowledge of anatomy is merely one of his 
tools. The evolution of the insects or of any living group is a problem in the 
evolution and.greater perfection of the animal as an energy-transforming 
mechanism. It is the evolution of a better relationship to the environment— 
greater energies drawn from the environment, the better use of such as are derived 
from the environment, or the protection of the mechanism from losses of energy 
to ae In all of his discussions Snodgrass has these relationships 
in mind. 

The volume is not as extensively illustrated as have been some of the previous 
items in this series. It is rather a final argument on well known data or on data 
worked out in previous articles of his. 

He agrees with the recent writings of Imms that the Hexapoda have been 
derived from some relative of the Symphyla in spite of the fact that the latter 
group is progoneate.—C. H. K. 





OMISSIONS AND ERRORS 


Beginning with Volume 28 (1935), the Annals of the Entomological Society 
of America has been accepting corrections (omissions and errors) of articles which 
have appeared in its pages. These are collected and printed at the end of the 
annual volume (December issue). They are indicated in the annual table of 
contents and in the index. 


Corrections will be limited to critical omissions and serious errors. Manuscript 
for such should be in the hands of the Editors by the twentieth of November to be 
included in that year’s volume. 

The Editors. 


Dr. P. W. Oman called our attention to the fact that the name 
Erythroneura simplex Knull and Auten, Ann. Ent. Soc. Am. XXX: 575, 
1937, is preoccupied by Zygina simplex described by Ferrari in 1882; 
Zygina was synonymized with Erythroneura by Van Duzee, Check 
List, 1916, p. 77. We propose in its place, therefore, EF. ordinaria n. n. 

Dorothy J. Knull. 
Mary Auten. 


List of papers to be added to bibliography on “‘Check-List of Odonata 

of Oceania,” pp. 341-344. 

Bryan, Edwin H. 1926. Additional Notes on the Insects Occurring on Mauna 
Kea and Mauna Loa. Proc. Hawaiian Ent. Soc. 6: 280-282. 

Navas, Longinos. 1914. Neuropteros de Oceania (tercera serie). Revista Real 
Acad. Ci. Exact. Fis. Nat. 13: 231-236, figs. 1-2. Odon. p. 231-232. 

Swezey, O. H. (with E. H. Bryan). 1927. Notes on Some Forest Insects of Molokai. 
Proc. Hawaiian Ent. Soc. 6: 411-422. Odon. p. 422. 

Swezey, O. H. 1929. Further Notes on the Forest Insects of Molokai. Proc. 
Hawaiian Ent. Soc. 7: 293-314. Odon. p. 305. 

Woodford, C. M. 1895. The Gilbert Islands. Geogr. Journ. 6: 325-350. Odon. 
p. 349. 


The following additions should be made to ‘‘Check-List of Odonata 
of Oceania:” 
p. 326. Under Megalagrion Blackburni add Agrion blackburni, Swezey- 
Bryan 1927, p. 422 (Kawela), 1929, p. 305 (Molokai). 
p. 326. Under Megalagrion amaurodytum amaurodytum add Agrion 
amaurodytum, Swezey-Bryan, 1929, p. 305 (Molokai). 


p. 326. Under Megalagrion deceptor add Agrion deceptor, Swezey- 
Bryan, 1929, p. 305 (Molokai). 
. 327. Under Megalagrion molokaiense add Agrion molokaiense, 
Swezey-Bryan, 1929, p. 305 (Molokai). 


. 329. Under Anax guttatus add Anax guttata, Woodford, 1895, 
p. 349 (Gilbert). 
. 330. Under Anax junius add Bryan, 1926, p. 282 (Mauna Loa). 
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p. 333. Under Diplacodes bipunctata add Trithemis bipunctata, Wood- 
ford, 1895, p. 349 (Gilbert). 


p. 333. Under Nesognia Blackburni add Swezey-Bryan, 1927, p. 422 
(Kawela), and 1929, p. 305 (Molokai). 


p. 334. Under Pantala flavescens add Woodford, 1895, p. 349 (Gilbert), 
and Swezey-Bryan, 1929, p. 305 (Molokai). 
Erich Schmidt. 


In the list of “Contents” on the back cover of the September issue 
“Frank H. Barbers” should read “Frank H. Babers.”—The Editors. 
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